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1S) MOTOROLA 


SMALL-SIGNAL TRANSISTORS, 
FETs AND DIODES 






This publication presents technical information for the several product families that comprise the 
Motorola small-signal semiconductor line. The families include bipolar, field-effect transistors, and 
diodes. These are available in a variety of packages; metal can, plastic, and surface mount. Complete 
- device specifications and typical performance curves are given on individual data sheets, which are 
grouped by the various families. 

A quick comparison of performance characteristics is presented in the easy-to-use selector guide 
in the first section. The tables will assist in the selection of the proper device for a specific application. 

Separate sections are included to describe package outline drawings and footprints and product 
reliability and quality considerations. 

The information in this book has been carefully checked and is believed to be accurate; however, 
no responsibility is assumed for inaccuracies. Furthermore, this information does not convey to the 
purchaser of semiconductor devices any license under the patent rights to the manufacturer. 

Motorola reserves the right to make changes without further notice to any products herein to improve 
reliability, function or design. Motorola does not assume any liability arising out of the application or 
use of any product or circuit described herein; neither does it convey any license under its patent 
_ rights nor the rights of others. Motorola products are not authorized for use as components in life 

support devices or systems intended for surgical implant into the body or intended to support or 
sustain life. Buyer agrees to notify Motorola of any such intended end use whereupon Motorola shall 
determine availability and suitability of its product or products for the use intended. Motorola and @) 
are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Employment Opportunity/ 
Affirmative Action Employer. | 


© MOTOROLA INC., 1991 
Previous Edition © 1987 
Printed in U.S.A. “All Rights Reserved” 


SMALLBLOCK and TMOS are trademarks of Motorola Inc. 
Thermal Clad is a registered trademark of the Berquist Company 


WHAT’S NEW 


In keeping with Motorola’s objective of providing information to our customers that is both current and easy to use, a few 
changes have been made to this revision of the Small-Signal Transistors, FETs and Diodes data book. A review of the 
following items will help you better understand the format of the data and provide you with some useful information to access 
it more easily. | 


The bulleted items below give you a brief overview of “What’s New’ in the data book. Following that is a more detailed 
explanation of what has been added or changed in this edition of the data book. 


e Device Status defined as Preferred, Current or Not Recommended for New Design 
e Replacement Devices Index for Devices that have been Removed from the Data Book 
e Explanation of SOT-23 and SC-59 Device and Date Code Markings 


e New Products: SMALLBLOCK Product Line, SC-59 Package Devices, Bias Resistor Transistors (BRT’s) and SOT-223 
Package Devices 


e SOT-23 Device titles now include T1; for example, MMBTXXXXLT1 replaced MMBTXXXXL 


e Mail-in Cards for your critique and comment on the Smaill-Signal Transistors, FETs and Diodes data book. Two cards 
are available at the front of the book and a third card is available at the back of the book. 


1. Motorola Device Classifications 


In an effort to provide current information to the customer regarding the status of any given device, Motorola has classified 
all devices into three categories: Preferred devices, Current product and Not Recommended for New Design products. 


A Preferred device is a device which is recommended as a first choice for future use. These devices are “preferred” by virtue 
of their performance, price functionality, or combination of attributes which offer the overall “best” value to the customer. 
This category contains both advanced and mature devices which will remain available for the foreseeable future (generally 
3 to 5 years). 


All Small-Signal transistors, FETs, SMALLBLOCKS or Diodes that are classified as a “preferred device” 


have a star symbol (x) at the end of the device title on the individual data sheets. 





Device types identified as “current” are not a first choice product for new designs, but will continue to be available because 
of the popularity and/or standardization or volume usage in current production designs. These products can be acceptable 
for new designs but the preferred types are considered better alternatives for long term usage. 


Any device that has not been identified as a “preferred device” is a “current” device. 
Products designated as “Not Recommended for New Design” may become obsolete as dictated by poor market accep- 


tance, or a technology or package that is reaching the end of its life cycle. Devices in this category have an uncertain future 
and do not represent a good selection for new device designs or long term usage. 


All “Not Recommended for New Design” devices have been removed from the data book. In the event 
the device you need is no longer found within an appropriate section of the data book, refer to the 


Replacement Devices index at the back of the book to see if there is a Replacement Part for the device 
in question. 





2. Replacement Devices Index for Devices That Have Been Removed From The Data Book 


An index to devices that have been removed from the data book is provided in Section 10. A direct or similar replacement 
part is listed for those devices which have replacement parts. Additionally, a code is listed next to the device which indicates 
the reason why the device is no longer supported by a data sheet. 
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3. New Products 


SMALLBLOCK Product Line 


This new series of MOSFET turn-off devices offers an economical way to reduce the turn- off time of power — 
MOSFETs. Refer to Section 6 for information on this family of devices. 


$C-59 Package 


The SC-59 package is a Surface Mount package that is used extensively in ieee Itis very similar to the SOT-23 
but is slightly larger. Devices offered in the SC-59 package are standard transistors (see pages 2-386 through 
2-395), bias resistor transistors (see pages 2-396 through aren) and ewicening diodes eee pages 5-16 through 
5-19). 


Bias Resistor Transistors (BRT’s) SC-59 


This new series of digital transistors is designed to replace a single device and its external resistor bias network. 
The BRT contains a single transistor with a monolithic bias network consisting of two resistors; a series base 
resistor and a base emitter resistor. The BRT eliminates these individual components by integrating them into 
a single device. The use of a BRT can reduce both system cost and board space and reduce insertions and 
product inventory. Bias resistor transistors can be found on pages 2-396 through 2-400. 


SOT-223 Package 


The SOT-223 package is a Surface Mount package that offers higher power capabilities for Small-Signal Surface 
Mount products. Devices offered in this package are bipolar transistors (see pages 2-142, 2-143, 2-148 and 
2-417 through 2-425), FET’s (see pages 4-66.through 4-70) and a tuning diode (see page 5-68). 


4. Tape and Reel/Device Markings 


In addition to Section 7, which contains information on Tape and Reel Specifications, some additional information has been | 
added to the second page of each of the device sections as follows: 


Ordering information for device packages that are available only in Tape and Reel « or Ammo Pack has been 
presented so that the customer can quickly and easily get the information necessary to complete an order. 


Information concerning device markings for the SOT-23 and SC-59 packages has been provided. Since some 
customers have been confused by the date code marking on these device packages we have provided a visual 
and written explanation of the date code marking found on the SOT-23 and SC-59 packages. 
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ALPHANUMERIC INDEX 


MOTOROLA PART | DATASHEET nro PART | DATASHEET | MOTOROLAPART |; DATASHEET | MOTOROLA PART | DATASHEET 
NUMBER PAGE NO. NUMBER PAGE NO. NUMBER PAGE NO. NUMBER PAGE NO. 


1N5139 2N2894 3-30 2N4407 3-105 BC107B 
1N5139A if 2N2895 3-34 2N4410 2-36 BC107C 
1N5140 5-3 2N2896 3-31 2N4931 3-108 BC108 
1N5140A 5-3 2N2904 3-33 2N5058 3-110 BC108A 
1N5141 5-3 2N2904A 3-33 2N5086 2-37 BC108B 
INS141A 5-3 2N2905 3-33 2N5087 2-37 BC108C 

{ 1N5142 5-3 2N2905A 3-33 2N5088 2-42 BC109 
1N5142A 5-3 2N2906 3-33 2N5089 2-42 BC109A 
1N5143 5-3 2N2906A 3-33 2N5209 2-43 BC109B 
1N5143A 5-3 2N2907 3-33 2N5210 2-43 BC109C 

| 1N5144 5-3 2N2907A 3-33 2N5223 2-44 BC140-10 
1N5144A 5-3 2N3019 3-39 2N5400 2-45 BC140-16 
1N5145 5-3 2N3020 3-39 2N5401 2-45 BC141-10 
1N5145A 5-3 2N3053 3-42 2N5440 4-18 BC141-16 
1N5146 a= 2N3053A 3-42 2N5457 4-3 BC160-16 
1N5146A 5-3 2N3244 3-43 2N5458 4-3 BC161-16 
1N5147 5-3 2N3250 3-47 2N5459 4-3 _ | BC177 
1N5147A 5-3 2N3251 3-47 2N5460 4-6 BC177A 
1N5148 5-3 2N3251A 3-47 2N5461 4-6 BC177B 
1N5148A 5-3 2N3467 3-52 2N5462 4-6 BC182 
1N5441A 5-6 2N3468 3-52 2N5484 4-9 BC182A 
1N5441B 5-6 2N3495 3-55 2N5485 4-9 BC182B 
1N5443A 5-6 2N3497 3-55 2N5486 4-9 BC183 
1N5443B 9-6 2N3499 3-58 2N5550 2-48 BC184 
1N5444A 5-6 2N3500 3-58 2N5551 2-48 BC212 
1N5444B 5-6 2N3501 3-58 2N5555 4-16 BC212B 
1N5445A 5-6 2N3546 3-64 2N5638 4-18 BC213 
1N5445B 5-6 2N3634 3-67 2N5639 4-18 BC214 
1N5446A 5-6 2N3635 3-67 2N5668 4-20 BC237 
1N5446B 5-6 2N3636 3-67 2N5669 4-20 BC237A 
1N5448A 5-6 2N3637 3-67 2N5670 4-20 BC237B 
1N5448B 5-5 2N3700 3-39 2N6426 2-52 BC237C 
1N5449A 5-6 2N3762 3-73 2N6427 2-52 BC238 

| 1N5449B 5-6 2N3799 3-13 2N6431 3-111 BC238B 
1N5450A 5-6 2N3903 2-3 2N6433 3-112 BC238C 
1N5450B 5-6 2N3904 2-3 2N6515 2-56 BC239 
1N5451A 5-6 2N3905 2-8 2N6516 2-56 | BC239C 

| 1N5451B 5-6 2N3906 2-8 2N6517 2-56 BC307 
1N5452A 5-6 2N3947 3-82 2N6519 2-56 BC307B 
1N5452B 5-6 2N3963 3-88 2N6520 2-56 BC307C 
1N5453A 5-6 2N3964 3-88 2N697 3-2 BC308C 
1N5453B 5-6 2N4014 3-90 2N7000 4-22 BC309 
1N5455A 5-6 2N4032 3-94 2N7002LT1 4-24 BC309B 
1N5455B 5-6 2N4033 3-94 2N706A 3-3 BC327 
1N5456A - 5-6 2N4036 3-96 2N718A 3-5 BC327-16 
1N5456B 5-6 2N4037 3-96 2N720A 3/ BC327-25 
2N1613 3-15 2N4123 2-13 2N869A 3-8 BC328 
2N1711 a0 2N4124 2-13 2N930 ; 3-11 BC328-16 
2N1893 3-16 2N4125 2-17 2N930A 3-11 BC328-25 
2N2102 3-17 2N4126 2-17 2N956 3-5 BC337 
2N2218A 3-18 2N4208 3-98 BAL99LT 1 5-9 BC337-16 
2N2219 3-18 2N4264 2-21 BAS16LT1 5-10 BC337-25 
2N2219A 3-18 2N4265 2-21 BAS21LT1 o-11 BC337—40 
2N2222 3-18 2N4400 2-26 BAV7OLT1 5-12 BC338 
2N2222A 3-18 2N4401 2-26 BAV74LT1 5-13 —-| BC338-16 
2N2270 3-23 2N4402 2-31 BAV9SLT1 5-14 BC338-25 
2N2369 3-24 2N4403 2-31 ~ | BAW5é6LT1 5-15 BC338—-40 
2N2369A 3-24 2N4404 3-100 BC107 3-113 BC368 
2N2484 3-29 2N4405 3-100 BC107A 3-113 BC369 
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ALPHANUMERIC INDEX (continued) 


MOTOROLA PART | DATASHEET | MOTOROLAPART | DATASHEET | MOTOROLA PART DATA SHEET MOTOROLA PART | DATASHEET 
NUMBER PAGE NO. NUMBER PAGE NO. NUMBER PAGE NO. NUMBER PAGE NO. 


BC372 — BC847CLT1 BDC06 BSV16-10 
BC373 — BC848ALT1 © BF199 BSV52LT1 
BC393 - BC848BLT1 BF224 =131 BSX20 
BC394 _ BC848CLT1 BF240 CV12253 
BC450 BC856ALT1 BF244 CV9507 
BC450A — -BC856BLT1 BF244A J109 
BC489 BC857ALT1 BF244B J110 
BC489A BC857BLT1 BF244C ahhh 
BC489B BC857CLT1 BF245 | J112 
BC490 BC858ALT1 | BF245A J113 


BC490A BC858BLT1 BF245B J174 
BC490B BC858CLT1 BF245C J175 
BC517 BCW29LT1 BF246 J176 
BC546 BCWS0LT1 BF246A J177 
BC546A 2 BCW31LT1 BF246B J202 
BC546B - BCW33LT1 BF246C J203 
BC547 — BCWE60ALT1 BF247 J270 
BC547A BCWE60BLT1 BF247A J300 
BC547B BCW6O0CLT1 BF247B J304 
BC547C BCW6O0DLT1 BF247C “| J305 


BC548 BCW61ALT1 BF256 J308 

BC548A BCW61BLT1. — BF256B | J309 

BC548B BCW61CLT1 BF256C J310 

BC548C 7 BCW61DLT1 BF258 M1MA151AT14 
BC549B = BCW65ALT1 BF259 M1MA151KT1 
BC549C is BCW68GLT1 BF374 M1MA151WAT1 
BC550B ~ BCW69LT1 BF391 M1MA151WKT1 
BC550C 2 BCW70LT1 7 BF392 ~~ | MAD1103P 
BC556 eS BCW71LT1 - BF393 MAD1107P 
BC556A - BCW72LT1 BF420 MAD1108P 


BC556B . BCX17LT1 BF421 MAD1109P 
BC557 = BCX18LT1 | BF422 - MAD130P 
BC557A : BCX19LT1 BF423 MBD101 
BC557B - BCX20LT1 BF491 MBD301 
BC557C a BCX70GLT1 BF492 . MBD701 
BC558B : BCX70JLT1 . BF493 MDC1000A 
BC559 = BCX70KLT1 BF493S MDC1000BLT1 
BC559B 4 BCY58~IX ~ | BF720T1 ~ | MDC1000CT1 
BC559C = BCY58~Vill | BF7217T1 MDC1005A 
BC560 _ BCY58-X BF844 — MDC1005BLT1 


BC560B - BCY59-IX BF959 ~ | MM3001 
BC560C ~ BCY59-VIl | BFR3OLT1 1 MM3002 
BC618 - BCY59-VIIl BFR31LT1 MM3005 
BC635 - BCY59~X | BFW43 MM3007 
BC636 - BCY70 BS107 MM3725 
BC637 ue BCY71 BS107A MM4001 
BC638 | BCY72 | BS170 MM4003 


BC639 zs BCY78-IX BSP16T1 _ MM4005 


BC640 

BC807-16LT1 
BC807~25LT1 
BC807-40LT1 


BC817-16LT1 
BC817-251T 1 
BC817-40LT1 
BC846ALT1 
BC846BLT1 
BC847ALT1 
BC847BLT1 


BCY78-VIll 
BCY79-IX 

BCY79-VIl 
BCY79-VIlI 


BDB01C 
BDB01D 
BDB02C 
BDB02D 
BDC01D 
BDC02D 
BDC05 


BSS123LT1 
BSS63LT1 
BSS64LT1 


-BSS71 


BSS72 


‘| BSS73 


BSS74 
BSS75 
BSS76 


-BSS78 


BSS89 


vi 


M4209 


MM5007 
MM6427 
MMAD1103 


MMAD1104 
MMAD1105 
MMAD1106 
MMAD1107 
MMAD1108 
MMAD1109 
MMAD130 © 
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ALPHANUMERIC INDEX (continued) 


MOTOROLA PART | DATASHEET | MOTOROLAPART | DATASHEET | MOTOROLAPART | DATASHEET | MOTOROLA PART | DATASHEET 
NUMBER PAGE NO. NUMBER PAGE NO. NUMBER PAGE NO. NUMBER PAGE NO. 


MMBD101LT1 5-25 MMBTA13LT1 2-180 MPF4861 4-87 MPS4123 2-277 
MMBD2835LT 1 5-36 MMBTA14LT1 2-180 MPF6659 4-89 MPS4124 2-277 
MMBD2836LT 1 5-36 MMBTA20LT1 2-181 MPF6660 4-89 MPS4125 2-278 
MMBD2837LT 1 5-37 MMBTA42LT1 2-182 MPF6661 4-89 MPS4126 2-278 
MMBD2838LT 1 5-37 MMBTA43LT1 2-182 MPF89 4-72 MPS4249 2-279 
MMBD301LT1 5-27 MMBTASSLT1 2-183 MPF910 4-74 MPS4250 2-279 
MMBD352LT1 5-34 MMBTAS6LT1 2-183 MPF930 4-75 MPS4258 2-281 
MMBD353LT 1 9-34 MMBTA63LT1 2-184 MPF960 4-75 MPS5179 2-283 
MMBD354LT1 5-34 MMBTAG64LT1 2-184 MPF970 4-78 MPS536 2-242 
MMBD6050LT1 5-38 MMBTA7OLT1 2-185 MPF971 4-78 MPS5771 2-285 
MMBD6100LT1 5-39 MMBTAQ2LT1 2-186 MPF990 4-75 MPS6428 2-286 
MMBD7000LT1 5-40 MMBTAQ3LT1 2-186 MPN3404 5-60 MPS650 2-245 
MMBD701LT1 5-29 MMBTH10LT1 2-187 MPN3700 5-58 MPS6507 2-288 
MMBD914LT1 5-35 MMBTH24LT1 2-188 MPQ2222 2-203 MPS651 2-245 
MMBF170LT1 4-54 MMBTH69LT1 2-189 MPQ2222A 2-203 MPS6520 2-289 
MMBF4391LT1 4-52 MMBTH81LT1 2-190 MPQ2369 2-205 MPS6521 2-289 
| MMBF4392LT1 4-52 MMBV105GLT1 5-41 MPQ2483 2-206 MPS6523 2-289 
MMBF4393LT 1 4-52 MMBV109LT1 5-43 MPQ2484 2-206 MPS6530 2-290 
MMBF4416LT1 4-53 MMBV2101LT1 MPQ2906 2-208 MPS6531 2-290 
MMBF4856LT 1 4-54 THRU MMBV2109LT1 5-51 | MPQ2907 2-208 MPS6534 2-291 
MMBF4860LT1 4-55 MMBV2103LT1 9-51 MPQ2907A 2-208 MPS6560 2-292 
MMBF5457LT1 4-57 MMBV2104LT1 9-51 MPQ3467 2-210 MPS6562 2-292 
MMBF5459LT1 4-58 MMBV2105LT 1 5-51 MPQ3725 2-211 MPS6568A 2-293 
MMBF5460LT1 4-59 MMBV2107LT1 5-51 MPQ3762 2-213 MPS657 1 2-295 
MMBF5484LT1 4-60 MMBV2108LT1 5-51 MPQ3798 2-215 MPS6595 2-296 
MMBF5486LT 1 4-61 MMBV2109LT1 5-51 MPQ3799 2-215 MPS6601 2-297 
MMBFJ175LT1 4-62 MMBV3102LT 1 5-54 MPQ3904 eel, MPS6602 2-297 
MMBFJ177LT1 4-63 MMBV3401LT1 5-56 MPQ3906 2-218 MPS6651 2-297 
MMBFJ309LT1 4-64 MMBV3700LT1 5-58 MPQ6001 2-220 MPS6652 2-297 
MMBFJ310LT1 4-64 MMBV409LT 1 5-45 MPQ6002 2-220 MPS6714 2-302 
MMBFU310LT1 4-65 MMBV432LT1 5-47 MPQ6100A 2-223 MPS6715 2-302 
MMBT2222ALT1 2-156 MMBV609LT1 5-49 MPQ6426 2-225 MPS6717 2-303 | 
MMBT2222LT1 2-156 MMBV809LT1 5-50 MPQ6501 2-220 MPS6724 2-304 
MMBT2369ALT1 2-158 MMFT107T1 4-66 MPQ6502 2-220 MPS6725 2-304 
MMBT2369LT1 2-158 MMFT6661T1 4-68 MPQ6600A1 2-223 MPS6726 2-305 
MMBT2484LT1 2-160 MMFT960T1 4-70 MPQ6700 2-227 MPS6727 2-305 
MMBT2907ALT1 2-161 MMPQ2222 2-191 MPQ6842 2-231 MPS750 2-245 
MMBT2907LT1 2-161 MMPQ2222A 2-191 MPQ7041 2-234 MPS751 2-245 
MMBT3640LT1 2-163 MMPQ2369 2-193 MPQ7042 2-234 MPS8093 2-306 
MMBT3904LT1 2-164 MMPQ2907 2-194 MPQ7043 2-234 MPS8098 2-307 
MMBT3906LT1 2-166 MMPQ2907A 2-194 MPQ7051 2-235 MPS8099 2-307 
MMBT404ALT1 2-152 MMPQ3467 2-196 MPQ7091 2-237 MPS8598 2-307 
MMBT4401LT1 2-168 MMPQ3725 2-197 MPQ7093 2-237 MPS8599 2-307 
MMBT4403LT1 2-169 MMPQ3799 2-198 MPS2222 2-250 MPS918 2-248 
MMBT5087LT1 2-170 MMPQ3904 2-199 MPS2222A 2-250 MPSA05 2-312 
MMBT5088LT 1 2-171 MMPQ3906 2-200 MPS2369 2-254 MPSA06 2-312 
MMBT5089LT 1 2-171 MMPQ6700 2-201 MPS2369A 2-254 MPSA13 2-317 
MMBT5401LT1 2-172 MMPQ6842 2-202 MPS2907 2-256 MPSA14 2-317 
MMBT5550LT 1 2-173 MPF 102 4-73 MPS2907A 2-256 MPSA16 . 2-318 
MMBT5551LT1 2-173 MPF3821 4-82 MPS3563_ - 2-248 MPSA17 2-318 
MMBT6427LT1 2-174 MPF3822 4-82 MPS3568 2-260 MPSA18 2-320 
MMBT6428LT1 2-175 MPF4391 4-83 MPS3638 2-261 MPSA20 2-324 
MMBT6429LT1 2-175 MPF4392 4-83 MPS3638A 2-261 MPSA27 2-325 
MMBT6517LT1 2-176 MPF4393 4-83 | MPS3640 2-263 MPSA28 2-327 
MMBT6520LT1 2-177 MPF4856 4-87 MPS3646 2-265 MPSA29 2-327 
MMBT8599LT 1 2-178 MPF4857 4-87 MPS3866 2-267 MPSA42 2-329 
MMBT918LT1 2-154 MPF4858 4-87 MPS3904 2-269 MPSA43 2-329 
MMBTAOSLT 1 2-179 MPF4859 4-87 MPS3906 . 2-275 MPSA44 2-331 
MMBTAO6LT1 2-179. MPF4860 4-87 MPS404A 2-238 MPSA55 2-312 
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ALPHANUMERIC INDEX (continued) 


MOTOROLA PART | DATASHEET | MOTOROLAPART | DATASHEET | MOTOROLA PART DATA SHEET © MOTOROLA PART DATA SHEET | 
NUMBER PAGE NO. NUMBER PAGE NO. _NUMBER PAGE NO. NUMBER PAGE NO. 


MPSAS6 
| MPSAG2 
MPSA63 
MPSA64 
MPSA70 


MPSA75 ~ 


MPSA77 
MPSA92 


MPSA93 
MPSH04 
MPSH07A 
MPSH10 
MPSH11 
MPSH17 
MPSH20 
MPSH24 
MPSH34 
MPSH69 
MPSH81 
MPSLO1 


MPSL51 
MPSW01 
MPSW01 A 
MPSW05 
MPSW06 
MPSW10 
MPSW13 
MPSW14 
MPSW42 
MPSW45 


MPSW45A 
MPSW51 
MPSW51A 
MPSW55 
MPSW56 
MPSW63 
MPSW64 
MPSW92 


MSA1022-BT1 
MSA1022-CT1 
MSB709-RT1 
MSB709-ST1 
MSB710-QT1 
MSB710-RT1 
MSC1621T1 
MSC2295-BT 1 
MSC2295-CT1 
MSC2404-CT1 


| MSC3130T1 


MSD1328~RT1 


MSD601-AT1 
MSD601-ST1 
MSD602-RT1 
MSD6100 
MSD6150 
MUN2111T1 
MUN2112T1 
MUN2113T1 
MUN221171 
MUN2212T1 





2-373 
2-374 
2-374 
2-377 
2-377 
2-380 
2-380 
2-383 


2-386 
2-386 
2-387 
2-387 
2-388 
2-388 
2-389 
2-390 
2-390 
2-391 
2-392 
2-395 


2-393 
2-393 
2-394 
5-62 

5-63 

2-396 
2-396 
2-396 
2-400 
2-400 


MUN2213T1 
MV104 
MV1403 . 
MV1404 
‘MV1405 
MV1620 
MV1624 
MV1626 


MV1628 


MV 1630 
.MV1634 
MV 1636 
MV1638° 
MV1640 
_MV1642 
MV1644 
MV1648 
MV 1650 
MV209 
MV2101 


MV2103 
MV2104 
MV2105 
MV2107 
MV2108 
MV2109 
MV2111 
MV2113 
MV2114 
MV2115 © 


viii 


MV409 - 
MV7005T1 
MVAM108 
MVAM109 
MVAM115_ 
MVAM125 


| P2N2222A 
| P2N2907A 


-P2N3019 


P2N4033. 


PBF259 |. 
| PBF259RS 
‘| PBF259S 


PBF493 
PBF493R— 
PBF493RS 


PBF493S 
_ PZT2222AT1 


PZT2907AT1 
PZTA42T1 


PZTAG4T1 
PZTA92T1 
PZTA96T 1 
VNO300L 
VNO610LL 
VN10LM 


4 VN1706L 


VN2222LL 


‘| VN2406L 


VN2410L 
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This selector guide highlights semiconductors that are the 
most popular and have a history. of high usage for the most 
applications. 

It covers a wide range of Small-Signal plastic and metal-can 
semiconductors. 

A large selection of encapsulated plastic transistors, FETs and 
diodes are available for surface mount and insertion assembly 
technology. Plastic packages include TO-92 (TO-226AA), 1 Watt 
TO-92 (TO-226AE), SOT-23, SC-59, and SOT-223. Plastic mul- 
tiples are available in 14-pin and 16-pin dual-in-line packages 
for insertion applications: SO-14 and SO-16 for surface mount 
applications. 

Metal-can packages are available for applications requiring 
higher power dissipation or having hermetic requirements in TO- 
18 (TO-206AA) and TO-39 (TO-205AD). 
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Plastic-Encapsulated 
Transistors 


Motorola’s small-signal TO-226 plastic transistors 
encompass hundreds of devices with a wide variety of char- 
acteristics for general-purpose, amplifier and switching 
applications. The popular high-volume package combines 
proven reliability, performance, economy and convenience 
to provide the perfect solution for industrial and consumer 
design problems. All devices are laser marked for ease of 
identification and shipped in antistatic containers, as part 
of Motorola’s ongoing practice of maintaining the highest 
standards of quality and reliability. 


CASE 29-04 
TO-226AA 
_ (TO-92) 


CASE 29-03 
TO-226AE 
4-WATT (TO-92) 





Table 1. Plastic-Encapsulated General-Purpose Transistors 


These general-purpose transistors are designed for small-signal amplification from dc to low radio frequencies. They are also 
useful as oscillators and general-purpose switches. Complementary devices shown where available (Tables 1—4). 


hFE @ Ic 






Max 


Case 29-04 — TO-226AA (TO-92) 


MPS8099 | MPS8599 
MPSA06 | MPSA56 
2N4410 
BC546 
BC546A 
BC546B 
MPSA05 


BC556 
BC556A 
BC556B 
MPSA55 
MPS2907A 


BC182 
BC237B 
BC337 
BC547 
BC547A 
BC547B 
BC547C 
MPSA20 


MPS2222A 


2N4401 
2N4400 
MPS6602 
2N3903 
2N3904 
BC548 
BC548A 
BC548B 
BC548C 
2N4123 
2N4124 
BC338 


“Typical 


BC212 
BC307B 
BC327 
BC557 
BC557A | 
BC557B 
BC557C 
MPSA70 


2N4403 
2N4402 
MPS6652 
2N3905 
2N3906 


BC558B 


2N4125 


2N4126 
BC328 
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Table 1. Plastic-Encapsulated General-Purpose Transistors (continued) 


Case 29-03 — TO-226AE (1-WATT TO-92) 


V(BR)CEO 
Volts 





BDBO1D BDB02D 


BDC01D BDC02D 
BDBO1C BDB02C 
BDC01C BDC02C 
MPS6717 

MPSW06 MPSW56 





Table 2. Plastic-Encapsulated Low-Noise and Good heg Linearity 


These devices are designed to use on applications where good he¢ linearity and low-noise characteristics are required: 
Instrumentation, hi-fi preamplifier. 


V(BR)CEO 
Volts 


Case 29-04 — TO-226AA (TO-92) 


— MPS4249 
— 2N5087 
— 2N5086 

MM6428 = 

BC239 BC309 

BC550B BC560B 

BC550C BC560C 

MPSA18 = 

MPS3904 MPS3906 

a MPS4250 

BC549B BC559B 

BC549C BC559C 

2N5088 aad 

2N5089* = 

MPS6521 MPS6523 
1 Vy: Total Input Noise Voltage (see BC413/BC414 and BC415/BC416 Data Sheets) at Rg = 2.0 kO, I¢ = 200 pA, Voce = 5.0 Volts. 
2 NF: Noise Figure at Rg = 2.0k, Ic = 200 pA, VCE = 5.0 Volts. f = 30 Hz to 15 kHz. 

*“S" version. 

“Rs = 10 kO, BW = 1.0 Hz, 
“* Rs = 500 0, BW = 1.0 Hz, 
Tt Min 





00 MHz 
0 MHz 


— nh 
nol 
— = 
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SMALL-SIGNAL BIPOLAR TRANSISTORS — PLASTIC-ENCAPSULATED TRANSISTORS 
(continued) 


Table 3. Plastic-Encapsulated Darlington Transistors 


Darlington amplifiers are cascade transistors used in ees requiring very high-gain and input impedance. These devices 
have monolithic construction. 





| ee 
Volts Ic 
Max mA rt ic 





Case 29-04 — TO-226AA (TO-92) 


MPSA29 = 
BC373 = 
MPSA27 MPSA77 
BC618 — 
MPSA75 
2N6427 — 
2N6426 _ 
MPSA14 MPSA64 
MPSA13 MPSA63 
BC517 = 





Table 4. Plastic-Encapsulated High- -Current Transistors 
The following table is a listing of devices that are capable of handling a higher current range for small- ignan transistors. 
Case 29-03 — TO-226AE (1-WATT TO-92) | 


MERICEO |: | VCE(sat) @ Ic @ iB 
Volts : 
Min 





*Typical 
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Table 5. Plastic-Encapsulated High-Voltage Amplifier Transistors 

These high-voltage transistors are designed for driving neon bulbs and indicator tubes, for direct line operation, and for other 
applications requiring high-voltage capability at relatively low collector current. These devices are listed in order of decreasing 
breakdown voltage (V(BR)CEO). 





VcE(sat) @ Ic & Ip 





Case 29-03 — TO-226AE (1-WATT TO-92) — NPN 


| BDCO5 ECB 300 0.5 40 25 2.0 | 20 2.0 60 10 
MPSW42 EBC 300 0.3 40 30 0.5 20 2.0 50 10 


Case 29-03 — TO-226AE (1-WATT TO-92) — PNP 


BF844 
MPSA44 
2N6517 
BF393 
MPSA42 
2N5551 


BF493S 
2N6520 
MPSA92 
2N6519 
2N5401 


V(BR)CEO 
Volts pee 
Cont 


jax 
BF420 BF421 ECB 300 0.1 25 2.0 20 2.0 60 10 
BF422 BF423 ECB 250 0.1 25 2.0 20 2.0 60 10 
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SMALL-SIGNAL BIPOLAR TRANSISTORS — PLASTIC-ENCAPSULATED TRANSISTORS 
(continued) 


Table 6. Plastic-Encapsulated RF Transistors | 


The FF transistors are designed for small- -Signal amplification from RF to VHF/UHF requences They « are aise used as mixers 
and oscillators in the same frequency ranges. oe 


“(BR)CEO hFE @ Ic sai 
Device ce a 
Type ain Typ ae 


Case 29-04 — TO-226AA (TO-92) — NPN 


BF224 
MPSH24 
-MPSH20 
MPSH07A 
MPS3866 
MPSH11 
MPSH10 
BF199 
BF959 
MPS6568A 
MPSH17 
MPS918 
MPS5179 
MPS3563 
MPS6595 








*Min 
(1)Max 
(2)AGC Capable 


Table 7. Plastic-Encapsulated. High-Speed Saturated Switching Transistors 

The transistors listed in this table are specially optimized for high-speed saturated switches. They are heavily gold doped and 
processed to provide very short switching times and low output capacitance (below 6. 0 pF). The transistors are listed in order 
of decreasing turn-on time (ton). 


, on & toff @ Ic Viericeo hee ¢ @lc Ti sat) @ Ic & ip 
ns Volts 
Max Min sag 


Case 29-04 — TO-226AA (TO-92) — NPN 


2N4264 
2N4265 
MPS3646 
MPS2369A 





MPS3640 25 50 12 10 : 1.0 500 
MPS4258 15 10 12 50 ; 1.0 700 
MPS5771 15 10 15 10 : 1.0 850 








MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES — 


1-6 


Table 8. Plastic-Encapsulated Choppers 


Devices are listed in decreasing V(BR)EBO- 


. V(BR)EBO hFE @ Ic Vone e @ Ic & Ip fr @ Ic 
Device Volts Poe MHz 
Type Min Max Min mA 


Case 29-04 — TO-226AA (TO-92) — NPN 


ST a eee ee 
as | 0.25 | 10 








MPSA16 
Case 29-04 - — TO-226AA (TO-92) — PNP 








MPS404A = — 150 30 A= Ae —0.2 — 24 ~ 1.0 
|Mpsaoaa | esc | 25 | -150 | 90 |--12 | -o2 | -2 | 10 | —~ | — | 


“Typ 


Table 9. Plastic-Encapsulated Telecom Transistors 
These devices are special product ranges intended for use in telecom applications. 


Pp mW Ic hFeE @ Ic @ VcE 


Device V(BR)CEO 25°C mA 
Type Volts Amb Cont i Max mA 


Case 29-04 — TO-226AA (TO-92) — NPN 

P2N2222A CBE 40 625 600 75 10 10 

PBF259,S* EBC 300 625 500 25 1.0 10, | = 40 
Case 29-04 — TO-226AA (TO-92) — PNP 


P2N2907A CBE 60 625 600 100 10 10 200 
PBF493,S** EBC 300 625 500 40 1.0 10 40 


*“S” version, hrE Min 60 @ Ic = 20 mA, VcE = 10 V. 
**“S" version, hee Min 40 @ Ic = 0.1 mA, VcE = 1.0 V. 
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Plastic-Encapsulated 
Multiple Transistors 


The manufacturing trend has been toward printed circuit 
board design with requirements for smaller packages with 
more functions. In the case of discrete components the use 
of the multiple device package helps to reduce board ene 


requirements and assembly costs. 


Many of the most popular devices are offered in the Sti 
dard plastic DIP and surface mount IC packages. This 
includes small-signal NPN and PNP bipolar transistors, 
N-channel and P-channel FETs, as well as diode arrays. 


Specification Tables 





LEE 
| 1 


14 
1 . . 
CASE 646-06 CASE 751B-03 
(TO-116) $O-16 


The following short form specifications include Quad and Dual bipolar transistors listed in alphanumeric order. Some columns 
denote two different types of data indicated by either bold or italic typeface. See key and headings for proper identification. 
This applies to Table 1 and 2 of this section only. 


K EY wane 


One 
TYPE NO. ID Die 
Only 


Ref. Point 


Alphanumeric listing 
type numbers 


Identification Code 
{st Letter: Polarity 
C — both types in multiple device 
N —NPN 
P — PNP 
and Letter; Use 
A — General Purpose Amplifier 
E — Low Noise Audio Amplifier 
F — Low Noise RF Amplifier 
G — General Purpose Amplifier 
and Switch 
H — Tuned RF/IF Amplifier 
M — Differential Amplifier 
S — High Speed Switch 
D — Darlington 


Power Dissipation specified at 25°C. Single 
die rating. 
Ref. Point: A — Ambient temperature 
C — Case temperature 


Pasarela SSG Sansa cushy arn STS Ssh SSS SSS SPs file i SSS SSS SSG 


Common-emitter 
DC Current Gain. 


Units for test current: 
A — ampere 
m—mA 

u— pA 


Current-Gain-Bandwidth 
Product. 


Continuous (DC) Collector Current 


Rated Minimum Collector-Emitter Voltage 
Subscript letter identifies base termination 
listed below in order of preference. 
SUBSCRIPT: 


0 — VcEoQ; open 





"ret vee OB ap | 


hFE2| Max 
E2 VCE 


Cob | ton | toft (sat\@ 7 
Max | Max | Max! pyax! © 


— Power Gain 
a Noise Figure 
f — Test Frequency 
AUD — 10-15 kHz 
Frequency Units: 
H — Hertz M — MHz 
K — kHz G — GHz 
VCE(sat) — Collector-Emitter Saturation 
Voltage 
I¢ — Test Current 
Current Units: u— pA 
m—mA 
A — Amp 
hee1/hee2 — Current Gain Ratio 
Vee — Differential Base Voltage |Vgey — Vpezal. 
Differential Amplifiers 
ton — turn-on time 
loft — turn-off time 


Output Capacitance, common-base. Shown without distinction: 
Cop — Collector-Base Capacitance 
Cre — Common-Emitter Reverse Transfer Capacitance 
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Table 1. Plastic-Encapsulated Multiple Transistors — Quad 


The following table is a listing of the most popular multiple devices available in the plastic DIP package. These devices are 
available in NPN, PNP, and NPN/PNP configurations. (See note.) 


AVBE| Gp NF @ f 
mV dB aB 
Max Min Max 









hFE1 


hFE2 











Typ* 
fon | toff | VCE !c 
Type No. Ip ns ns (sat)@ __ IC 
Max | Volts IB 


Max 


Case 646-06 — TO-116 


MPQ2222A 
MPQ2369 
MPQ2483 
MPQ2484 
MPQ2907A 
MPQ3467 
MPQ3725 
MPQ3762 
MPQ3798 
MPQ3799 
MPQ3904 
MPQ3906 
MPQ6001 
MPQ6002 
MPQ6100A 
MPQ6426 
MPQ6501 
MPQ6502 
MPQ6600A1 
MPQ6700 
MPQ6842 
MPQ7043 
MPQ7042 
MPQ7051 
MPQ7093 






































wo 
r=) 
ODDDDDWVDDOGDGOGCOCCOOCOCOCOCCOO0C00 





“Typ 
NOTE: Some columns show 2 different types of data indicated by either bold or italic typefaces. See key and headings. 


Table 2. Plastic-Encapsulated Multiple Transistors — Quad Surface Mount 


The following table is a listing of the most popular multiple devices available in the plastic SOIC surface mount package. These 
devices are available in NPN, PNP, and NPN/PNP configurations. 


hFe @ Ic fT @ Ic 
V(BR)CEO V(BR)CBO Min mA MHz Min mA 


Case 751B-03 — SO-16 


MMPQ2222A 
MMPQ2369 
MMPQ2907A 
MMPQ3467 


MMPQ3725 
MMPQ3799 
MMPQ3904 
MMPQ3906 
MMPQ6700** 


“NPN/PNP 
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Plastic-Encapsulated 
Surface Mount Transistors 





This section of the selector guide lists the small-signal 
plastic devices that are available for surface mount appli- 
cations. These devices are encapsulated with the latest 


state-of-the-art mold compounds that enhance reliability _ CASE 318-07 CASE 318D-03 CASE 318E-04 
and exhibit excellent performance in high temperature and TO-236AB SC-59 SOT-223 
high humidity environments. This package offers higher _ SOT-23 





power dissipation capability for small-signal applications. 


Table 1. Plastic-Encapsulated Surface Mount General-Purpose Transistors 


The following tables are a listing of small-signal general-purpose transistors in the SOT-23 and SC-59 surface mount packages. 
These devices are intended for small-signal amplification for DC, audio, and lower RF frequencies. They also have applications 
as oscillators and general-purpose, low voltage switches. 


Pinout: 1-Base, 2-Emitter, 3-Collector | 
Devices are listed in order of descending breakdown voltage. 


: : hFE @ Ic fy 
Device ~V(BR)CEO ~ Min Max mA MHz Min 


Case 318-07 — TO-236AB (SOT-23) — NPN 


BC846ALT1 
BC846BLT1 
BC817-16LT1 
BC817-25LT1 
BC817-40LT1 


BC847ALT1 
BC847BLT1 
BC847CLT1 





MMBT2222ALT1 
MMBT3904LT1 


BC848ALT1 
BC848BLT1 
BC848CLT1 
MMBT4401LT1 
MMBT8099LT1 


MMBT8599LT 1 
BC856ALT1 
BC856BLT1 
MMBT2907ALT1 . 
BC807-16LT1 


BC807-25LT1 
BC807-40LT1 


BC857ALT1 
BC857BLT1 


MMBT3906LT 1 
MMBT4403LT 1 
BC858ALT1 
BC858BLT1 
BC858CLT1 
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Table 1. Plastic-Encapsulated Surface Mount General-Purpose Transistors (continued) 


Pinout: 1-Emitter, 2-Base, 3-Collector 
Devices are listed in order of descending breakdown voltage. 


hFE @ Ic fr 
Device V(BR)CEO Min Max mA MHz Min 


Case 318D-03 — SC-59 — NPN 


MSD601-RT1 
MSD601-ST1 
MSD602-RT1 
MSD1328-RT1 





MSB709-RT1 
MSB709-ST1 
MSB710-QT1 
MSB710-RT1 
*Typical 
C 
: . ; (OUT) 
Table 2. Plastic-Encapsulated Surface Mount Bias Resistor Ri 
Transistors for General Purpose Applications (IN) : 
2 
These devices include bias resistors on the semiconductor chip with the transistor. E 
See the BRT diagram for orientation of resistors. (GND) 


Device Marking V(BR)CEO 
Volts 


Case 318D-03 — SC-59 
MUN2211T1 MUN2111T1 eo 10K 





MUN2212T1 MUN2112T1 22K 
MUN2213T1 MUN2113T1 47K 





Table 3. Plastic-Encapsulated Surface Mount Switching Transistors 


The following tables are a listing of devices intended for high-speed, low saturation voltage, switching applications. These 
devices have very fast switching times and low output capacitance for optimized switching performance. 


Pinout: 1-Base, 2-Emitter, 3-Collector 


Switching Time (ns) hFE @ Ic fr 
ton toff V(BR)CEO Min Max mA MHz Min 


Case 318-07 — TO-236AB (SOT-23) — NPN 


MMBT2369LT1 M1J 12 18 15 20 
BSV52LT1 B2 12 18 12 40 
Case 318-07 — TO-236AB (SOT-23) — PNP 


|Mmeracaort; | | || te | | | 


Pinout: 1-Emitter, 2-Base, 3-Collector 
Case 318D-03 — SC-59 — NPN 


[usciexits Ta T To TT wo To | Tt 
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SMALL-SIGNAL BIPOLAR TRANSISTORS — PLASTIC-ENCAPSULATED SURFACE MOUNT 
TRANSISTORS (continued) 


Table 4. Plastic-Encapsulated Surface Mount VHF/UHF Amplifiers, Mixers, Oscillators _ 


The following table is a listing of devices intended for small-signal RF amplifier aa to VHF/UHF frequencies. These 
devices may also be used as VHF/UHF oscillators and mixers. _— 


Pinout: 1-Base, 2-Emitter, 3-Collector 






Marking 
Case 318-07 — TO-236AB (SOT-23) — NPN 


MMBTH10LT1 
MMBT918LT1 
MMBTH24LT1 


Case 318-07 — TO-236AB (SOT-23) — PNP 
MMBTH81LT1 3D 20 0.85 0.6 
MMBTH69LT1 3J 15 0.35" 2.0 
Pinout: 1-Emitter, 2-Base, 3-Collector 


Case 318D-03 — SC-59 — NPN 


MSC2295-BT1 
MSC2295-CT1 


fr @ Ie 
V(BR)CEO GHz Min 





MSC2404-CT1 
MSC3130T 1 





Case 318D-03 — SC-59 — PNP 
MSA1022-BT1 EB 20 2* 0.15 
MSA1022-CT1 EC 20 2 0.15 
"Cre 
*Cob 


Table 5. Plastic-Encapsulated Surface Mount Choppers 


The following table is a listing of small-signal devices intended for chopper applications where a higher than normal V(BR)CEO | 
is required in the circuit application. 


Pinout: 1-Base, 2-Emitter, 3-Collector 


: hee @Ic 
Device V(BR)EBO V(BR)CEO Min Max mA 


Case 318-07 — TO-236AB (SOT-23) — PNP 


MMBT404ALT1 a 
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Table 6. Plastic-Encapsulated Surface Mount Darlingtons 


The following table is a listing of small-signal devices that have very high hfe and input impedance characteristics. These 
devices utilize monolithic, cascade transistor construction. 


Pinout: 1-Base, 2-Emitter, 3-Collector 
Devices are listed in order of descending hfe. 


VCE(sat) hreE@Ic 
V(BR)CEO Volts Max Min Max mA 


Case 318-07 — TO-236AB (SOT-23) — NPN 


MMBTA14LT1 1N 40 1.5 20K 100, | 
MMBTA13LT1 _ 1M 30 1.5 10K 100 
Case 318-07 — TO-236AB (SOT-23) — PNP 





Table 7. Plastic-Encapsulated Surface Mount Low-Noise Transistors 


The following table is a listing of small-signal devices intended for low noise applications in the audio range. These devices 
exhibit good linearity and are candidates for hi-fi and instrumentation equipment. 


Pinout: 1-Base, 2-Emitter, 3-Collector 
Devices are listed in order of ascending NF. 


NF hFe @ Ic fr 
dB Typ V(BR)CEO Min Max mA MHz Min 


Case 318-07 — TO-236AB (SOT-23) — NPN 


MMBTSO89LT 1 
MMBT2484LT1 


MMBT6428LT1 
MMBT6429LT1 


Case 318-07 — TO-236AB (SOT-23) — PNP 








muersos7itt | 2a | et | | ts | OT tt 
aX 


* 


Table 8. Plastic-Encapsulated Surface Mount High-Voltage Transistors 


The following table is a listing of small-signal high-voltage devices designed for direct line operation requiring high voltage 
breakdown and relatively low current capability. 


Pinout: 1-Base, 2-Emitter, 3-Collector 
Devices are listed in order of descending breakdown voltage. 


hFE @ Ic fT 
V(BR)CEO Min Max { - mA MHz Min 


Case 318-07 — TO-236AB (SOT-23) — NPN 


MMBT6517LT1 1Z 350 15 100 40 
MMBTA42LT1 1D 300 40 30 50 
MMBT5551LT 1 G1 160 30 50 100 


Case 318-07 — TO-236AB (SOT-23) — PNP 


MMBT6520LT1 27 350 15 100.” 40 
MMBTAQ2LT1 2D 300 25 30 50 
MMBT5401LT1 OL 150 50 50 100 
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SMALL-SIGNAL BIPOLAR TRANSISTORS — PLASTIC-ENCAPSULATED SURFACE MOUNT 
TRANSISTORS (continued) 


Table 9. Plastic-Encapsulated Surface Mount Drivers 
The following is a listing of small-signal devices intended for medium voltage driver eee at fairly high current levels. 
Pinout: 1-Base, 2-Emitter, 3-Collector 


hFE @ Ic | : 
V(BR)CEO Max mA MHz Min — 


Case 318-07 — TO-236AB (SOT-23) — NPN 


MMBTAO6LT1 1G 80 1 00 
BSS64LT1 AM 80 50 


Case 318-07 — TO-236AB (SOT-23) — PNP 


BSS63LT1 BM 100 25 
MMBTASE6LT1 2G 80 100 


Table 10. Plastic-Encapsulated Surface Mount RF Transistors 


The following table is a listing of small-signal RF transistors intended for low-noise, high-power gain, Class A, AB or C amplifiers. 
These devices are used as pre-drivers in power amplifier applications. 


Pinout: 1-Base, 2-Emitter, 3-Collector 
fr @ Ic @ VcE NF @ Ic @ VcE MAG @ Ic @ VcE @ f 
dB dB a ag 


GHz 
Vv: 





Case 318-07 — Uae (SOT-23) — NPN 


MMBRS571LT1 
MMBR941LT1 
MMBR951LT1 
MMBR911LT1 
MMBR930LT1 


MMBR920LT1 
MMBRS901LT1 
BFR92LT1 ~ 
BFR93LT1 

MMBR931LT1 


MMBR5179LT1 
MMBR2060LT 1 
MMBR5031LT1 
MMBR2857LT1 
BFS17LT1 


—-M =..yh 
Pon OMan 
Jf an BSoaan 


2.5 
4.3 2 
4.5 5 
3.5 
2.5 
4.5 





Table 11. Plastic-Encapsulated Surface Mount Switching Transistors 
Pinout: 1-Base, 2-Collector, 3-Emitter, 4-Collector 


[owe 
ae. it eet ee Veryceo| Min | Max | @Ic¢ (mA) | Min (MHz) | 


Case 318E-04 — SOT-223 — NPN 


[pzrocmzars ———=«’—maaea | esd TCT too oC 


Case 318E-04 — SOT-223 — PNP 


[pzrosorart _——~(| aor | 8 | 100 | w | 100 | ooo | 0 | 00 
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Table 12. Plastic-Encapsulated Surface Mount Darlingtons 
Pinout: 1-Base, 2-Collector, 3-Emitter, 4-Collector 


VoE(ent) i Ea tem 


Case 318E-04 — SOT-223 — PNP 


PZTAGAT mea [ws dae dd 


Table 13. Plastic-Encapsulated Surface Mount High-Voltage Transistors 
Pinout: 1-Base, 2-Collector, 3-Emitter, 4-Collector 


a fr 
jie verjceo | Min | Max | @ic(ma) | Min (MHz) | 


Case 318E-04 — SOT-223 — NPN 


PZTA42T1 TZA42 300 40 10 
BF720T1 BF720 250 50 10 


Case 318E-04 — SOT-223 — PNP 
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Metal-Can 





Transistors - 
Metal-can packages are intended for use in industrial appli- CASE 22-03 CASE 79-04 

cations where harsh environmental conditions are encoun- . TO-206AA TO-205AD 

tered. These packages enhance reliability of the end products (TO-18) - (TO-39) 


due to their resistance to varying humidity and extreme tem- 
perature ranges. 





Table 1. Metal-Can General-Purpose Transistors 


These transistors are designed for DC to VHF amplifier applications, general-purpose switching applications, and complementary 
circuitry. Devices are listed in decreasing order of V(BR)CEO within each package group. 


| V(BR)CEO 
Device Volts 


2N720A 
2N3700° 
BC107 
BC107A 
BC107B 
BCY59-IX 
BCY59-VIIl 
2N2222A 
2N3947 
BCY58-Vill 
BC109C 


2N2906A 
2N2907A 
2N3251A 
BC177B 
BCY79-IX 
BCY79-VIII 


2N3019 
2N3020 
2N1893 
2N2219A 
2N2218A 


MM5007 
2N4033 
2N4036 
2N2904A 
2N2905A 
2N4030 
2N4032 
BSV16-10 








MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES ~ 


1-16 





SMALL-SIGNAL BIPOLAR TRANSISTORS — METAL-CAN TRANSISTORS (continued) 


Table 4. Metal- Can Switching Transistors 


The following devices are intended for use in general-purpose switching and amplifier applications. Within each package group 
shown, the devices are listed in order of decreasing turn-on time (ton). 


in & ion @lIc V(BR)CEO hE @ Ic VcE(sat) @ Ic @ Ip 
Device Volts Volts ae 
Type Ma i mA Min ia Max Min 


Case 22-03 — To- 206AA (TO-1 8) — NPN 


2N4014 60 500 50 1000 35 500 0.52 500 50 300 50 

2N2369A 18 10 15 200 40 10 0.2 10 1.0 500 10 

BSX20 : 18 100 15 500 20 10 0.25 10 1.0 400 10 
Case 22-03 — TO-206AA (TO-18) — PNP | 


2N2894 30 12 200 
2N869A 30 
2N3546 50 
MM4209 10 


Case 79-04 — TO-205AD (TO-39) — NPN 


jwusres __| 98 | eo _| soo | 0 | soo | a | soo | ose | sw | 0 | 2 | 9 


Case 79-04 — TO-205AD (TO-39) — PNP a 
2N3467 — 90 500 40 100 40 500 | 0.5 500 50 175 




















2N3468 90 500 50 1000 25 500 0.6 500 50 | 150 
2N3762 : 65 | 100 40 1500 30 1000 0.9 1000 100 180 
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Table 2. Metal-Can High-Gain/Low-Noise Transistors 
These transistors are characterized for high-gain and low-noise applications. Devices are listed in decreasing order of NF. 


hee @ Ic 





V(BR)CEO 
Volts 


2N2484 
2N930A 
2N930 


2N3963 
2N3964 
2N3799 





Table 3. Metal-Can High-Voltage/High-Current Transistors 


The following table lists Motorola standard devices that have high collector-emitter breakdown voltage. Devices are listed in 
decreasing order of V(BR)CEO within each package type. | 


V(BR)CEO | VCE(sat) @ Ic & lp 
Volts ' 
Min 

Case 22-03 — TO-206AA (TO-18) — NPN 


2N6431 300 50 50 0.5 20 2.0 50 10 

BSS73 300 500 40 0.5 50 5.0 100 20 
Case 22-03 — TO-206AA (TO-18) — PNP 

2N6433 


BSS76 
2N3497 





2N5058 
BF259 
2N4927 
BF258 
2N3500 
2N3501 
2N3499 
MM3007 











2N4931 20 
2N3636 150 30 
2N3637 30 
MM5007 50 
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JFETs 


JFETs operate in the depletion mode. They are available 

in both P- and N-channel and are offered in both Thruhole CASE 
es oie 29-04 

and Surface Mount packages. Applications include general- TO-226AA 
purpose amplifiers, switches and choppers, and RF amplifiers (TO-92) 
and mixers. These devices are economical and very rugged. 
The drain and source are interchangeable on many typical 
FETs. 





Table 1. JFET Low-Frequency/Low-Noise 


The following table is a listing of small-signal JFETs intended for low-noise applications in the audio range. These devices 
exhibit good linearity and are candidates for hi-fi and instrumentation equipment. 


V(BR)GSS 
¥(BR)GDO 


J202 
2N5458 
J203 
MPF3821 
2N5457 
2N5459 
MPF3822 


2N5460 1.0 0.001 
2N5461 1.5 0.001 
2N5462 2.0 0.001 


“Typical 





Table 2. JFET High-Frequency Amplifiers 


The following is a listing of small-signal JFETs that are intended for hi-frequency applications. These are candidates for VHF/ 
UHF oscillators, mixers and front-end amplifiers. 


NF @ Rg = 1K’ V(BR)GSS 


2N5669 
MPF102 
2N5668 
2N5484 
2N5670 
2N5485 
J305 
2N5486 
J300 
J304 
J308 
J309 
J310 


“Typical 
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SMALL-SIGNAL FIELD-EFFECT TRANSISTORS — JFETs (continued) 


Table 3. JFET Switches and Choppers 


The following is a listing of JFETs intended for switching and chopper applications. 


V(BR)GSS 
“(BR)GDO 





MPF4856 
MPF4859 
2N5638 
Jit 
MPF4857 
MPF4860 
J112 
MPF4392 
'2N5639 
MPF4858 
MPF4861 
MPF4393 
2N5640 
J113 
2N5555 
BF246 
BF246A 
BF246B 
BF246C 
J109 
J110 


MPF970 
MPF971 
J174 
J175 
J176 
J177 
*Typical 
“VGS(f) 
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CASE 29-03 j CASE 29-04 
M O S F ETs TO-226AE , TO-226AA 


1-WATT (TO-92) (TO-92) 


2 %3 





Table 1. TMOS Switches and Choppers 


The following is a listing of small-signal TMOS devices that are intended for switching and chopper applications. These devices 
offer low rpS(on) characteristics. 


'DS(on) @ Ip YGsi(th) V(BR)DSS Ciss 


MPF930 
MPF960 
MPF6659 
MPF990 
MPF6660 
MPF6661 
MPF910 
VN10LM 
MPF89 


VNOSOOL 
2N7000 
BS170 
VNO610LL 
VN1706L 
VN2406L 
BSS89 
BS107A 
VN2222LL 
VN2410L 
BS107 
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Surface Mount FETs. 


This section contains the FET plastic packages available CASE 318-07 CASE 318E-04 
for surface mount applications. Most of these devices are the TO-236AB SOT-223 
most popular metal-can and insertion type parts carried over — SOT-23 
to the new surface mount packages. 





Table 1. JFET Surface Mount RF 
The following is a list of surface mount FETs which are intended for UHF/VHF RF amplifier applications. 
Pinout: 1-Drain, 2-Source, 3-Gate 


MMBFUJ309LT1 - 
MMBFU310LT1 
MMBFU310LT1 
MMBF4416LT1 
MMBF5484LT1 
MMBFS5486LT1 


"Max 





Table 2. JFET Surface Mount General- -Purpose 


The following table is a listing of surface mount small-signal general purpose FETs. These devices ; are intended for small- -elgnal : 
amplification for DC, audio, and lower RF frequencies. They also have applications as S oscillators and general-purpose, low- 
voltage switches. 


Pinout: 1-Drain, 2-Source, 3-Gate 
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Table 3. JFET Surface Mount Choppers/Switches | 
The following is a listing of small-signal surface mount JFET devices intended for switching and chopper applications. 
Pinout: 1-Drain, 2-Source, 3-Gate 


'DS(on) on y Oso) IDss 
Ohms mA 
Device Max Max V(BR)GSS a 


Case 318-07 — TO-236AB (SOT-23) — N-Channel 


MMBF4856LT1 
MMBF4391LT1 
MMBF4860LT1 
MMBF4392LT1 
-MMBF4393LT1 


Case 318-07 — TO-236AB (SOT-23) — P-Channel 


MMBFJ175LT1 6W 125 ~- 30 
MMBFJ177LT1 6Y 300 ~ 30 Pel ‘ 

















Table 4. TMOS FET Surface Mount 


The following is a listing of small-signal surface mount TMOS FETs which exhibit low rps(on) characteristics. 


Case 318-07 — TO-236AB (SOT-23) — N-Channel 
Pinout: 1-Gate, 2-Source, 3-Drain 


'DS(on) @ Ip y “asith) Switching Time 


Device ton ns toff ns 


MMBF170LT1 200 60 0.8 10 | 
BSS123LT1 100 by o 8 : 8 4 40 
2N7002LT1 ae 7: 5 500 2.5 20. 


Case 318E-04 — SOT-223 — N-Channel 
Pinout: 1-Gate, 2-Drain, 3- oe se 


VGS(th Switching Time (ns) 
Device Vpss_| Min w Max ae | ton | tot 


MMFT107T1 ans 07 oe ak a 15 15 
MMFT960T 1 FT960 1. : 1000 : 5 1 : 
MMFT6661T1 T6661 1000 
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Small-Signal 
SMALLBLOCK Products 
SMALLBLOCK Products are a unique family of application 


specific “minigrated” circuits. These circuits will incorporate 
various transistor, resistor and diode configurations for use 





in certain applications. Since these SMALLBLOCK circuits CASE 29-04 CASE ate CASE tie 04 
are monolithic chips, they will reduce both component count (TO-226AA) (TO-236AB) (TO-261AA) 
and the required space on circuit boards, simplify circuitry TO-92 SOT-23 SOT-223 


and improve reliability. STYLE 33 STYLE 22 STYLE 6 








~ RETURN 


Table 1. MOSFET Turn-Off Devices 


The first series in the SMALLBLOCK Product family is a series of MOSFET turn-off devices which offers an economical way 
to reduce the turn-off time of power MOSFETs. Additionally, they clamp the MOSFET gate voltage to a safe level. The use of 
a MOSFET turn-off device lowers component count, reduces system cost and board space, and optimizes the switching 
performance of the MOSFET. Applications for these devices include PWM circuits in switchmode power supplies, DC-OC 
converters and motor controls for brush and brushless motors. 


The following table is a listing of MOSFET turn-off devices used for reduced turn-off of power MOSFETs. 


toft (1000 pF, | 
from 9V to 1V) 


Typ 





Case 29-04 — TO-226AA (TO-92) 
Pinout: 1. Return, 2. Input, 3. Output 


MDC1000A MDC1000 

MDC1005A MDC1005 
Case 318-07 — TO-236AB (SOT-23) 
Pinout: 1. Return, 2. Output, 3. Input 


MDC1000BLT1 C10 
MDC1005BLT1 C05 — 
Case 318E-04 — TO-261AA (SOT-223) 
Pinout: 1. Return, 2. Input, 3. Output, 4. Input 


MDC1000CT1 C1000 a 
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Tuning Diodes — 
Abrupt Junction 


Motorola supplies voltage-variable capacitance diodes 2 —ke— 1 
serving the entire range of frequencies from HF through UHF. SINCE |S 


ae kG—o 3 


Harmonic generators 
FM modulators 3 
Two families of devices are available: Abrupt Junction and y CASE 182-02 CASE 318-07 
Hyper Abrupt Junction. The Abrupt Junction family includes TO-226AC : yy TO-236AB 
devices suitable for virtually all tuned-circuit and narrow- (10-92) e SOT-23 
range tuning applications throughout the spectrum. 


STYLE 9 


Used in RF receivers and transmitters, they have a variety STYLE 1 

of applications, including: CASE 29-04 CASE 51-02 
@ Phase-locked loop tuning systems TO-226AA DO-204AA 
e Local oscillator tuning (TO-92) (DO-7) 

@ Tuned RFF preselectors 

e FF filters | 

@ RF phase shifters 20—_{|}¢—- 1 3 O—{}¢—0 1 
e RF amplifiers Cathode Anode Cathode Anode 
@ Automatic frequency control STYLE 1 oie 

© Video filters and delay lines 10> Iq 2 
@ 

@ 


Typical Characteristics 
Diode Capacitance versus Reverse Voltage 
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SMALL-SIGNAL TUNING AND SWITCHING DIODES — TUNING DIODES/ABRUPT JUNCTION 
(continued) 


Table 1. General-Purpose Glass Abrupt Tuning Diodes 
High Q Capacitance Ratio @ 4.0 Volts/60 Volts 
The following is a listing of axial leaded, general-purpose, abrupt tuning diodes. These devices exhibit high Q characteristics. 


Cr @ VR = 4.0 V, 1.0 MHz Cap Ratio Q | 
. | pF pF pF V(BR)R _ C4/C60 4.0 V, 60 MHz |. 
Device*- | i: Min Nominal Max _Voits Min | Min. 


Case 51-02 — DO-204AA (DO-7) 


1N5139 
1N5140 
1N5141 
1N5142 
1N5143 
1N5144 
1N5145 
1N5146 
1N5147 
1N5148 


*Suffix A = 5.0% 








Table 2. General-Purpose Glass Abrupt Tuning Diodes 
High Q Capacitance Ratio @ 2.0 Volts/30 Volts | 
The following is a listing of axial leaded, general-purpose, abrupt tuning diodes. These devices exhibit very high Q characteristics. 


CT @ VR = 4.0 V, 1.0 MHz Cap Ratio Q 
pF pF pF - C2/C30 4.0 V, 50 MHz 
Nominal . Min Min 


Case 51-02 — DO-204AA (DO-7) 


1N5441A 
1N5443A 
1N5444A 
1N5445A 
1N5446A 
1N5448A 
1N5449A 
1N5450A 
1N5451A 
1N5452A 
1N5453A 
1N5455A 
1N5456A 


*Suffix B = 5.0% 
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Table 3. General-Purpose Glass Abrupt Tuning Diodes 
Capacitance Ratio @ 2.0 Volts/20 Volts 
The following is a listing of axial leaded, general-purpose, abrupt tuning diodes. These devices exhibit high Q characteristics. 


Cr @ VR = 4.0 V, 1.0 MHz Cap Ratio Q 


pF pF pF VR(BR)R C2/C20 4.0 V, 50 MHz 
Typ 





Case 51-02 — DO-204AA (DO-7) 


| MV1620 
MV1624 
MV1626 
MV1628 
MV1630 
MV1634 
MV1636 
MV1638 
MV1640 
MV1642 
MV1644 
MV1648 
MV1650 





Table 4. General-Purpose Plastic Abrupt Tuning Diodes 
Capacitance Ratio @ 2.0 Volts/30 Volts 
The following is a listing of plastic package, general-purpose, abrupt tuning diodes. These devices exhibit high Q characteristics. 


Cr @ VR = 4.0 V, 1.0 MHz Cap Ratio Q 
pF pF pF VR(BR)R C4/C30 4.0 V, 50 MHz 
Device Volts Min Typ 


“MV2101 
MV2103 
MV2104 
MV2105 
MV2107 
MV2108 
MV2109 
MV2111 
MV2113 
MV2114 
MV2115 
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SMALL-SIGNAL TUNING AND SWITCHING DIODES — TUNING DIODES/ABRUPT JUNCTION 
(continued) 


Table 5. Surface Mount Abrupt Tuning Diodes 
Capacitance Ratio 2.0 Voits/30 Volts 
The following is a listing of surface mount apeuet junction tuning diodes intended for general-purpose variable capacitance 


. Cap Ratio Q 
. VR(BR)R C2/C30 4.0 V, 50 MHz 
Volts Min las . 


circuit applications. 


MMBV2101LT1 
MMBV2103LT1 
MMBV2104LT1 
MMBV2105LT1 
MMBV2107LT1 
MMBV2108LT1 
MMBV2109LT1 





Table 6. Abrupt Tuning Diodes — Dual 


The following is a listing of abrupt tuning diodes that are available as dual units in a single package. 





Cap Ratio Q 
C3/C30 | 3.0 V,50 MHz) V(BR)R Device 
_ Min . Min Volts .. Marking 


Twos «dS (| we] ood) Cede dO dC 


Case 31 8-07 — TO-236AB (SOT-23) | 


Case 29-04 — TO-226AA (TO-92) 








MMBV492LT1 a 


*C2/C8 
**Each Diode 
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Tuning Diodes — 
Hyper-Abrupt Junction 


The Hyper Abrupt family exhibits higher capaci- 
tance, and a much larger capacitance ratio. It is par- 
ticularly well suited for wider-range applications such 
as AM/FM radio and TV tuning. 


Typical Characteristics 
Diode Capacitance versus Reverse Voltage 


Figure 1. Diode Capacitance 
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Figure 3. Diode Capacitance 
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CASE 318E-04 
SOT-223 


Figure 2. Diode Capacitance 
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Figure 4. Diode Capacitance 
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SMALL-SIGNAL TUNING AND SWITCHING DIODES — TUNING DIODES/ 


HYPER-ABRUPT JUNCTION (continued) 


Figure 6. Diode Capacitance 
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Figure 5. Diode Capacitance 
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Figure 11. Diode Capacitance versus Reverse Voltage 
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Table 1. Hyper-Abrupt Tuning Diodes for FM Radio and TV — Single 


The following is a listing of hyper-abrupt tuning diodes intended for high frequency, FM radio, and TV tuner applications. 


Cr @ Vp (f = 1.0 MHz) Q | cv 
pF pF Cap Ratio @ Vp_ 3V 50 MHz | ViBR)R | Device | Case | Curve 
Min Max Volts Min Max Volts Min Max Volts |Marking| Style Fig 





Case 182-02 — TO-226AC (TO-92) 


32 3.0 5.0 6.5 3/25 200 30 1 
32 3.0 1.5 2.0 3/8 200 20 1 





MMBV105GLT1 
MMBV109LT1 
MMBV409LT1 
MMBVS809LT1 
MMBV3102LT1 





Table 2. Hyper-Abrupt Tuning Diodes for FM Radio and TV — Dual 


CT @ Vr (f = 1.0 MHz) Q CV 
pF pF Cap Ratio @ Vp_ 3V 50 MHz | ViBR)R | Device | Case | Curve 
Min Max Volts Min Max Volts Min Max Voits |Marking! Style Fig 


Case 318-07 — TO-236AB (SOT-23) 


Tumeveoar: [2 | se [8 [18 [2s [se [aol -[»]a ls]. 
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SMALL-SIGNAL TUNING AND SWITCHING DIODES — TUNING DIODES/ 
HYPER-ABRUPT JUNCTION (continued) 


Table 3. Hyper-Abrupt Tuning Diodes for AM Radio — Single 


The following is a listing of AM, hyper-abrupt tuning diodes that have a large capacity range and are designed for low ae 
Circuit applications. 





Cr @1.0 MHz | Cap Ratio @ VR CV 
pF V(BR)R Curve 
Max Volts Min Volts Volts Style Figure 


Case 182-02 — TO-226AC (TO-92) 


MVAM108 | 
MVAM109 


MVAM115 
MVAM125 





Table 4. Hyper-Abrupt High Capacitance Voltage Variable Diode — Surface Mount 


The following is a high capacitance voltage variable diode intended for AM radio applications and circuits requiring large tuning 
Case 318E-04 — SOT-223 


Capacitance. 
Cr Diode Capacitance 
ae oe Cap Ratio ie 
Min Style Figure 
Pinout: 1-Anode, 2, 4-Cathode, 3-NC 


ce Se OC AO O_O A 








Table 5. Hyper-Abrupt High Capacitance Tuning proces. 


Cap Ratio 
C2/C10 | 2.0V, ; 0 MHz; V(BR)R eines 
Min cabal Volts Style Figure 7 


MV 1404 
MV1403 | 
MV1405 
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STYLE 1 


2 0—_|}+—_-0 1 


; Cathode Anode 
Hot-Carrier : CASE 102-02 
(Sc hott ky) Diodes (TO-92) 


x. 3 CASE 318-07 
TO-236AB 
2 


SOT-23 





Hot-Carrier diodes are ideal for VHF and UHF mixer and 
mee ; STYLE 11 
detector applications as well as many higher frequency appli- 


. : : ae , STYLE 8 1 2 
ons. T rovi i lim- 
cations. They provide stable electrical characteristics by elim ; 3 | " 


inating the point-contact diode presently used in many SERIES 
iad SINGLE 3 
applications. 
STYLE 9 STYLE 19 
1 none pe 2 4 —— jos 2 
: de SERIES 
Typical Characteristics 3 3 


COMMON CATHODE 





Capacitance versus Reverse Voltage 

































































= ici 
24 ; as 
MBD101 Ta = 25°C 
MMBD101LT1 2 
rt MMBD352LT1* =< | bao 
ug = Pal 
oy MMBD353LT1* a — 
= MMBD354LT1* S —_ 
: : So 
a x bac 
o S a ee ee eee 
cy & es aes Bk ee ee ae 
——f || 
eee (Saas ee eee 
a a ee a ee ee 
0 1 2 3 4 0 5 0 215 20 422 30 3 40 45 50 
Vp, REVERSE VOLTAGE (VOLTS) *EACH DIODE Vp, REVERSE VOLTAGE (VOLTS) 


(See Table 1) 


Table 1. Hot-Carrier (Schottky) Diodes 


The following is a listing of hot carrier (Schottky) diodes that exhibit low forward voltage drop for improved circuit efficiency. 


Minority 
Lifetime Device 
ps Marking 


MBD701 1.0@20V ; 200 @ 35 V 
MBD301 15@15V : 200 @ 25 V 
MBD101 ; 10@0V : 250 @ 3.0 V 


MMBD701LT1 1.0 @20V : 200 @ 35 V 
MMBD301LT1 15 @15V ; 200 @ 25 V 
MMBD101LT1 : 10@0V ; 250 @ 3.0 V 
MMBD352LT1* : 10@0V ; 250 @ 3.0 V 
MMBD353LT1* . 10@0V : 250 @ 3.0 V 
MMBD354LT1* : 10@0V : 250 @ 3.0 V 





*Dual Diodes 
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Switching © 
Diodes 


Small-signal switching diodes are intended for low current 
switching and steering applications. Hot-Carrier, PIN and 
general-purpose diodes allow a wide selection for specific 
application requirements. 


Typical Characteristics 
Capacitance versus Reverse Voltage 


Cy, DIODE CAPACITANCE (pF) 


ERS Gee 
Se TD 
aa 
Came 


0 1218 24 30 36 0«6|«6©4206«648— O54 


Vp, REVERSE VOLTAGE (VOLTS) 


(See Table 1) 





STYLE 3 


1 are al 2 
3 
STYLE 4 


1 ott 


3 
3 


TO-226AA 


1 
2 
(TO-92) 


CASE 318-07 
TO-236AB 
SOT-23 


STYLE 8 

1 O——_>}——o 3 
‘SINGLE 
STYLE 9 


COMMON CATHODE 
STYLE 11 
; oe 2 
3 
SERIES 


CASE 318D-03 
SC-59 


STYLE 2, 
SINGLE 


STYLE 3 


1 ia ar amar 2 
3 
COMMON CATHODE 


CASE 29-04 | 


p.. 182-02 
: TO-226AC 


STYLE 1 
2 o-—_}——_0 1 
Cathode Anode 


STYLE 1 


(TO-92) 


STYLE 12 


1 se aa 2 
3 
COMMON ANODE 


STYLE 18 
2 o-—-—_G-——o 3 
SINGLE 


STYLE 19 


SINGLE 


STYLE 5 


4 ana pial 2 
3 
COMMON ANODE 








MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


1-34 


Table 1. PIN Switching Diodes 


The following PIN diodes are designed for VHF band switching and general-purpose low current switching applications. 


Series 
CT @ Vr @ 1.0 MHz } Resistance 


Ohm Device 
Max Marking 





Case 182-02 — TO-226AC (TO-92) 


MPN3700 0.1 @ 150 1.0 @10mA 
MPN3404 0.1@25V | 085 @10mA 


Case 318-07 — TO-236AB (SOT-23) 








Table 2. General-Purpose Signal and Switching Diodes — Single 


The following is a listing of small-signal switching diodes in surface mount packages. These diodes are intended for low current 


switching and signal steering applications. 


ne ae ee 
Case 
Min (V) |@ IBR (wA)| Max (uA) | @ VR (V) | Min (V) | Max (V) | @ Ig (mA) | Max (pF) Style 


Case 318-07 — TO-236AB (SOT-23) 


BAS21LT1 
MMBD914LT1 






BAS16LT1 
MMBD6050LT 1 
BAL99LT1 


‘ist... Uaainel ibis aan aia wala Gita: ae ata Ok ae 





Case 318D-03 — SC-59 


M1MA151AT1 MA 40 ‘100 0.1 35 1.2 100 2 3 4 
M1MA151KT1 MH 40 100 0.1 35 1.2 100 2 3 2 
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SMALL-SIGNAL TUNING AND SWITCHING DIODES — SWITCHING DIODES (continued) 


Table 3. General-Purpose Signal and Switching Diodes — Dual . Se , 
The following is a listing of small-signal switching diodes in surface mount packages. These diodes are intended for low current 


switching and signal steering applications. 
wenn | oe | er | we fm 
. Case 
Device Marking Style 


sn |g A) Ha | @ va | || 


Case 318-07 — TO-236AB (SOT-23) | 


MMBD7000LT1 
MMBD2836LT 1 
MMBD2838LT1 
BAV70LT1 
BAV99LT1 
BAWS56LT1 
MMBD6100LT1 
BAV74LT1 
MMBD2835LT 1 
MMBD2837LT 1 


Case 318D-03 — SC-59 


M1MA151WAT1 MN 
M1MA151WKT1 MT 

















40 100 0.1 35 
40 100 0.1 35 
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Multiple 
Switching Diodes 





Multiple diode configurations utilize monolithic structures fabricated by the planar process. They are designed to satisfy fast 
switching requirements as in core driver and encoding/decoding applications where their monolithic configurations offer lower 
cost, higher reliability and space savings. 


14 
1 1 





ol C 


CASE 646-06 CASE 648-08 CASE 751A-02 CASE 751B-03 
PIN DIP PIN DIP SO-14 SO-16 
PLASTIC PLASTIC PLASTIC PLASTIC 





Diode Array Diagrams 
1 5 9 
Dual 10 o © rareeed w Duai 8 a oO 
A 
piece 4 OOOO OOOO (Common OOOOOODO _ Diode poe bode 
Altay ® ® Cathode) NC Pin 1, 4.6. 10. 13 Array o 6) 


NC Pin 6, 13 


2 6 


10 
Dual 10 Ww @) eee @ i lsolaed = OQOOMOOOO® 
Diode (8) (9) (0) 013) (14) 1) ) GB) G) rray 8 Diode : 
aray (Common OOO OO® array HHHHHHOO 


<2) Cathode) 


7 


Anode) NC Pin 1, 4, 6, 10, 13 


11 

Array 

(Common = QMOODOOMM meray. OQoOw (14) 
12 


7 Diode 
is 8 cone ete 
iode 
Array @ Cathode) YDOOOOOOD 
oa i : § : ; f $ 


NC Pin 1 
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MULTIPLE SWITCHING DIODES (continued) 


Table 1. Diode Arrays 
Case 646-06 — TO-116 





MAD130P a, Dual 10 Diode Array 

MAD1103P 16 Diode Array 
E MAD1105P 8 Diode Common Cathode Array 
bE MAD1107P | Dual 8 Diode Array 

MAD1109P 7 Isolated Diode Array 


" Case 648-08 
Case 751A-02 — SO-14 | a ae 


MMAD130 , Dual 10 Diode Array 
MMAD1103 16 Diode Array 
MMAD1105 8 Diode Common Cathode Array 





MMAD1106 8 Diode Common Anode Array 
MMAD1107 Dual 8 Diode Array 
MMAD1109 7 Isolated Diode Array 


Case 751B-03 — SO-16 


MMAD1108 8 Isolated Diode Array | t—i(i‘isés*zr 
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ao 


CASE 29-03 CASE 29-04 
(TO-226AE) (TO-226AA) 
1 WATT TO-92 TO-92 


= 2 


CASE 318-07 CASE 318-03 «CASE. 3188-04 


(TO-236AB) SC-59 (TO-261AA) 


SOT-23 SOT-223 


> 


16 < 
CASE 646-06 CASE 751B-03 
(TO-116) 1 SO-16 





Motorola’s plastic transistors and diodes encompass 
hundreds of devices spanning the gamut from general-purpose 
amplifiers and switches with a wide variety of characteristics to 
dedicated special-purpose devices for the most demanding 
applications. The popular TO-92, 1-Watt TO-92 and TO-116 
combine proven reliability performance and economy for 
through-the-hole manufacturing, while the SOT-23, SC-59, SOT- 
223, and SO-16 offer the same solutions for surface mount 
manufacturing. 

As an additional service to our customers Motorola will, upon 
request, supply many of these devices in tape and reel for auto- 
matic insertion. 

Contact your Motorola representative for ordering information. 


This section contains both single and multiple plastic- 
encapsulated transistors. 


NOTE: All SOT-23 package devices have had a “T1” suffix 
added to the device title. 





Plastic-Encapsulated 
Transistors 
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EMBOSSED TAPE AND REEL 


SOT-23, SC-59, SOT-223 and SO-16 packages are available only in Tape and Reel. Use the 
appropriate suffix indicated below to order any of the SOT-23, SC-59, SOT-223 and SO-16 packages. 
(See Section 7 on Packaging for additional information). 


SOT-23: available in 8 mm Tape and Reel 
| Use the device title (which already includes the “T1” suffix) te to order the 7 inch/3000 unit reel. 
Replace the “T1” suffix in the device title with a “T3” suffix to order the 13 inch/10,000 unit reel. 


SC-59: available in 8 mm Tape and Reel 
Use the device title (which already includes the “T1” suffix) to order the 7 inch/S000 unit reel. 
Replace the “T1” suffix in the device title with a “T3” suffix to order the 13 inch/10,000 unit reel. 


SOT-223: available in 12 mm Tape and Reel 
Use the device title (which already includes the “T1” suffix) to order the 7 inch/1000 unit reel. 
Replace the “T1” suffix in the device title with a “T3” suffix to order the 13 inch/4000 unit reel. 


SO-16: available in 16 mm Tape and Reel 


Add an “R1” suffix to the device title to order the 7 inch/500 unit reel. 
Add an “R2” suffix to the device title to order the 13 inch/2500 unit reel. 


RADIAL TAPE REEL AND AMMO PACK 


TO-92 packages are available in both bulk shipments and in Radial Tape Reel and Ammo Packs. 
Radial Tape Reel and Ammo Pack are the best methods for capturing devices for automatic insertion in 
printed circuit boards. 


TO-92: available in 365 mm Radial Tape Reel 
Add an “RLR” suffix and the appropriate Style code” to the device title to order the Radial 
Tape Reel. 
available in Ammo Pack (Fan Fold Box) 
Add an “RLR” suffix and the appropriate Style code* to the device title to order the Ammo 
Pack box. 


*Refer to Section 7 on Packaging for Style code characters and additional information on ordering 
requirements. : 


DEVICE MARKINGS/DATE CODE CHARACTERS 


SOT-23 and SC-59 packages have a device marking and a date code etched on the device. The 
generic example below depicts both the device marking and a representation of the date code that appears 
on the SC-59 and SOT-23 packages. 


ABCD! 


The “D” represents a smaller alpha digit Date Code. The Date Code indicates the actual month in which the. 
part was manufactured. 
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2N3903 
2N3904* 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


SS 3 Collector 
2 
Bas 


MAXIMUM RATINGS 


Symbol | Value | Unit __ 
Collector-Emitter Voltage VCEO | a0 
Collector-Base Voltge VcBo | BO Vde 





















Emitter-Base Voltage . VEBO 

Collector Current — Continuous 200 
Total Device Dissipation @ Ta = 25°C 625 

Derate above 25°C 5.0 


*Total Device Dissipation @ Tc = 25°C Pp 1.5 
Derate above 25°C 12 


Operating and Storage Junction TJ, Tstg | —55 to +150 
Temperature Range 
*THERMAL CHARACTERISTICS 


[Characteristic —————~«|: Symbol 
Thermal Resistance, Junction to Ambient R@JA 
Thermal Resistance, Junction to Case Rec 


*Indicates Data in addition to JEDEC Requirements. 















e 


1 Emitter 





GENERAL PURPOSE 
TRANSISTORS 


NPN SILICON 







*This is a Motorola 
designated preferred device. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol | Min | Max | unit | 


OFF CHARACTERISTICS . 

Collector-Emitter Breakdown Volitage(1) V(BR)CEO 
(ic = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(ic = 10 wAdc, Ip = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(le = 10 wAde, Ic = 0) 

IBL 


Base Cutoff Current 
(VcE = 30 Vdc, Veg = 3.0 Vdc) 


Collector Cutoff Current 
(VcE = 30 Vdc, Veg = 3.0 Vdc) 





ON CHARACTERISTICS 
DC Current Gain(1) hee 
(I¢ = 0.1 mAdc, VcgE = 1.0 Vdc) 2N3903 
2N3904 
(I¢ = 1.0 mAdc, VcE = 1.0 Vdc) 2N3903 
2N3904 
(I¢ = 10 mAdc, VcgE = 1.0 Vdc) 2N3903 
2N3904 
(I¢ = 50 mAdc, Vcge = 1.0 Vdc) | 2N3903 
| 2N3904 
(I¢ = 100 mAdc, VcE = 1.0 Vdc) 2N3903 
2N3904 30 _ 





Collector-Emitter Saturation Voltage(1) VCE(sat) Vdc_ 
(i¢ = 10 mAdc, Ig = 1.0 mAdc) 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 

Base-Emitter Saturation Voltage(1) VBE(sat) Vdc 
(i¢ = 10 mAde, Ig = 1.0 mAdc) 0.85 
(I¢ = 50 mAdc, Ig = 5.0 mAdc) 0.95 


' SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 10 mAdc, VcE = 20 Vde, f = 100 MHz) 2N3903 
. 2N3904 
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2N3903, 2N3904 


_ ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Characteristic 


Output Capacitance 
(VcpB = 5.0 Vdc, Ip = 0, f = | 1.0 MHz) 


Input Capacitance 
(Veg = 0.5 Vde, Ic = 0, f = 1.0 MHz) 


Input Impedance | 
(Ic = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N3903 


2N3904 


Voltage Feedback Ratio Me 
(I¢ = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 2N3903 


2N3904 


Small-Signal Current Gain 


(i¢ = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N3903 


2N3904 


Output Admittance 
| (I¢ = 1.0 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) 


Noise Figure 
(ic = 100 wAdc, VcE = 5.0 Vdc, Rg = 1.0 k ohms, 
f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 


Delay Time (Vcc = 3.0 Vdc, VBE = 0.5 Vdc, 
Se ee 


Storage Time (Vcc = 3.0 Vde, Ic = 10 mAdc, 


Ig1 = Ip2 = 1.0 mAdc) 
Fall Time . 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


2N3903 
2N3904 


2N3903 
2N3904 


FIGURE 1 — DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 

~ 300 ns 

DUTY CYCLE = 2% 





10 < ty <500 ys —»| 41 
DUTY CYCLE = 2% 








FIGURE 2 — STORAGE AND FALL TIME | 
EQUIVALENT TEST CIRCUIT 


le 10.9V 






0 


=a YS ee 1ns 





*Total shunt capacitance of test jig and connectors 


TYPICAL TRANSIENT CHARACTERISTICS 
—— Ty = 25°C =-Ty = 125°C 


FIGURE 3 — CAPACITANCE 
NES eer hele ere 










SSR SEAT! ee ee eel) 
ep ee ci a | a | 
oc oot 
He SS 
S tl f ; 
SSC TTT : 
= af | oN. Cibo d eee : 
= ATTIRE SEH . 
ool tt TTA LL TT cote | 


HHH 


10 
0.1 0.2.03 05 07 10 20 3.0 50 7.0 10 20 30 40 
REVERSE BIAS VOLTAGE (VOLTS) 











FIGURE 4— CHARGE DATA 
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2N3903, 2N3904 


FIGURE 5 — TURN-ON TIME 
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FIGURE 7 — STORAGE _ 
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FIGURE 6 — RISE TIME 
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TYPICAL AUDIO SMALL-SIGNAL CHARACTERISTICS 


NOISE FIGURE VARIATIONS 
Vce = 5.0 Vdc, Ta = 25°C, 


FIGURE 9 
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hg, CURRENT GAIN 


hie, INPUT IMPEDANCE (k ohms) 


-2N3903, 2N3904 
| h PARAMETERS 
(Vce = 10 Vdc, f = 1.0 kHz, Ta = 25°C) 


. FIGURE 11 — CURRENT GAIN | FIGURE 12 — OUTPUT ADMITTANCE. 


1 100 
ret atest 


TMP HTT 
maa . 
amine 
EL a ee lhe ths cal 
20 RAH HH 


Pose seas iz HH E 
stetiiseenni 
' St 


0.1 02 03 05 1.0 20 3.0 5.0 10 01 02 05 20 30 50 10 
Ic, COLLECTOR CURRENT (mA) le, ae aoe (mA) 


Cc 













Cea 
CNET 
He EE 


hoe, OUTPUT ADMITTANCE (,.mhos) 





30 


FIGURE 13 — INPUT IMPEDANCE FIGURE 14 —- VOLTAGE FEEDBACK RATIO | 
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Voce, COLLECTOR EMITTER VOLTAGE (VOLTS) 


V, VOLTAGE (VOLTS) 


2N3903, 2N3904 


FIGURE 16 — COLLECTOR SATURATION REGION 
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FIGURE 17 — “ON” VOLTAGES FIGURE 18 — TEMPERATURE COEFFICIENTS 
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MAXIMUM RANG 


2N3905 
2N3906* 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


S 3 Collector 


Total. Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Power Dissipation @ Ta = 60°C 


Total Divice Dissipation @ Tc = 25°C 
Derate above 25°C 





1 Emitter 





GENERAL PURPOSE 
TRANSISTORS 


PNP SILICON 






Characteristic 
Thermal Resistance, Junction to Ambient 
Thermal Resistance, Junction to Case 





*This is a Motorola 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) designated preferred: device 
pe eharacteristic | Symbol | Min =| Max | Unit 
OFF CHARACTERISTICS 


Coilector-Emitter Breakdown Voltage (1) : - | -V(BR)CEO Vde 
(I¢ = —1.0 mAdc, Ig = 0) . 

Collector-Base Breakdown Voltage ViBRICBO 
(Ic = —10 pAdc, IE = 0) 


Emitter-Base Breakdown Voltage 

(l—E = —10 pAdc, Ic = 0) 
Base Cutoff Current 

(VcE = —30 Vdc, Veg = —3.0 Vdc) 
Collector Cutoff Current 

(VcE = —30 Vdc, Veg = —3.0 Vdc) 
ON CHARACTERISTICS(1) 
DC Current Gain 


Ic = —0.1 mAdc, Vcg = —1.0 Vde) 2N3905 
2N3906 


(I¢ = -—1.0 mAdc, Veg = —1.0 Vdc) 2N3905 
2N3906 


(Ic = —10 mAdc, VcE = —1.0 Vdc) 2N3905 
2N3906 


(Ic = —50 mAdc, Vce = —1.0 Vdc) 2N3905 
2N3506 


(Ic = —100 mAdc, VcgE = —1.0 Vdc) 2N3905 
2N3906 


Collector-Emitter Saturation Voltage 
(Ic = —10 mAdc, lg = —1.0 mAdc) 
(Ic = —50 mAdc, Ip = —5.0 mAdc) 

Base-Emitter Saturation Voltage 


(I¢ = —10 mAdc, IRB = —1.0 mAdc) 
(Ic = —50 mAdc, Ig = —5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(IC = —10 mAdc, Vcge = —20 Vde, f = 100 MHz) 2N3905 
2N3906 


Output Capacitance 
(VcB = —5.0 Vdc, Ie = 0, f = 1.0 MHz 
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2N3905, 2N3906 


ELECTRICAL CHARACTERISTICS continued) (Ta = 25°C unless otherwise noted.) 


Input Capacitance 
(VeB = —0.5 Vdc, Ic = 0, f = 1.0 MHz) 


Input Impedance 
(I¢ = —1.0 mAdc, Vege = —10 Vdc, f = 1.0 kHz) 2N3905 
2N3906 


Voltage Feedback Ratio 
(I¢ = —1.0 mAdc, Vege = —10 Vde, f = 1.0 kHz 2N3905 
2N3906 


Small-Signal Current Gain 
(Ic = —1.0 mAdc, Vcg = —10 Vdc, f = 1.0 kHz) 2N3905 
2N3906 


Output Admittance 
(Ic = —1.0 mAdc, Vcg = —10 Vde, f = 1.0 kHz) 2N3905 
2N3906 





SWITCHING CHARACTERISTICS 


Delay Time (Vcc = —3.0 Vdc, Vpf = —0.5 Vde 


Ic = —10 mAdc, Ip, = —1.0 mAdc) 


Noise Figure 
(Ic = —100 wAdc, VcgE = —5.0 Vde, Rg = 1.0 k ohm, 2N3905 
f = 1.0 kHz) 2N3906 


Rise Time 


Fall Time IB1 = IB2 = —1.0 mAdc) 2N3905 
2N3906 





(1) Pulse Width < 300 us, Duty Cycle < 2.0%. 


FIGURE 1 — DELAY AND RISE TIME FIGURE 2 — STORAGE AND FALL TIME 







EQUIVALENT TEST CIRCUIT EQUIVALENT TEST CIRCUIT 
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ane 1s. 275 275 
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1N916 


—10.6V — 10 < ty < 500 pus - 
—>| ke 300 ns 10.9 V 
= 9, t 
DUTY CYCLE = 2% DUTY CYCLE = 2% 4 4 : 
*Total shunt capacitance of test jig and connectors 
TRANSIENT CHARACTERISTICS 
—— T, = 25°C patra T; = 125°C 
FIGURE 3 — CAPACITANCE FIGURE 4 — CHARGE DATA 
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TIME (ns) 


NF, NOISE FIGURE (dB) 


OC CURRENT GAIN 
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FIGURE 5 — TURN-ON TIME 
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AUDIO SMALL SIGNAL CHARACTERISTICS 
NOISE FIGURE VARIATIONS 
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FIGURE 7 — 
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FIGURE 9 — CURRENT GAIN 
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FIGURE 12 — VOLTAGE FEEDBACK RATIO 
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FIGURE 11 — INPUT IMPEDANCE 
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STATIC CHARACTERISTICS 


FIGURE 13 — DC CURRENT GAIN 
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» FIGURE 15 — “ON” VOLTAGES 
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FIGURE 16 — TEMPERATURE COEFFICIENTS 
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2N4123 


MAXIMUM RATINGS 2N4124 
Collector-Base Voltage 3 
Emitter-Base Voltage 


Collector Current — Continuous 
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CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


i 
</|< 
Qa | a. 
Qa 10 









Fig | 200 
. ae INS 3 Collector 
Total Device Dissipation @ Ta = 25°C 625 
Derate above 25°C 5.0 
Total Device Dissipation @ Tc = 25°C Pp 1.5 2 
Derate above 25°C 12 Base 
Operating and Storage Junction Ty, Tstg —55 to +150 1 Emi 
Temperature Range me 


THERMAL CHARACTERISTICS GENERAL PURPOSE 


[Characteristic ——————«’“Symbol_ TRANSISTORS 
Thermal Resistance, Junction to Ambient R@JA 200 NPN SILICON 
Thermal Resistance, Junction to Case 83.3 











ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vde 
(Ic = 1.0 mAdc, IE = 0) 2N4123 
2N4124 

Coilector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 10 pAdc, IE = 0) 2N4123 
2N4124 





Collector Cutoff Current 
(VcB = 20 Vde, Ie = 0) 


Emitter Cutoff Current 
(VEB = 3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 wAdc, Ic = 0) 















DC Current Gain(1) 
(I¢ = 2.0 mAdc, Vcg = 1.0 Vdc) 2N4123 
2N4124 







(Ic = 50 mAdc, VcgE = 1.0 Vdc) 2N4123 
2N4124 60 


Collector-Emitter Saturation Voltage(1) VCE(sat) Vdc 
-(I¢ = 50 mAdc, Ip = 5.0 mAdc) 

Base-Emitter Saturation Voltage(1) VBE(sat) Vdc 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) 















SMALL-SIGNAL CHARACTERISTICS 


| Current-Gain — Bandwidth Product ft 
(Ic = 10 mAdc, VcE = 20 Vde, f = 100 MHz) 2N4123 
2N4124 
Input Capacitance | 


(VEB = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 
Collector-Base Capacitance 


(IE = 0, Vcp = 5.0 V, f = 1.0 MHz) 


Small-Signal Current Gain 
(I¢ = 2.0 mAdc, Vcg = 10 Vde, Rg = 10 k ohm, f = 1.0 kHz) 2N4123 
2N4124 
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2N4123, 2N4124 


ELECTRICAL CHARACTERISTICS (continued) as = 25°C unless otherwise noted.) 


[rte stat TTT 


Current Gain — High Frequency 
(I¢ = 10 mAdc, Vege = 20 Vde, f = 100 MHz) 2N4123 
. 2N4124 


1.0 kHz) ——-2N4123 
1.0kHz) 2N4124 


(ic = 2.0 mAdc, Wee = 
(I¢ = 2.0 mAdc, VcE = 
Noise Figure - ; 
(I¢ = 100 wAdc, VcE = 5.0 Vde, Rs = 1.0 k ohm, 2N4123. 
f = 1.0 kHz) © 2N4124 


10 V, f 
10 V, f 





(1) Pulse Test: Pulse Width = 300 US, Duty Cycle = 2.0%. 





FIGURE 1 — CAPACITANCE | | FIGURE 2 — SWITCHING TIMES 
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2N4123, 2N4124 


h PARAMETERS 
Vee = 10 V, f = 1 kHz, Ta = 25°C 


FIGURE 5 — CURRENT GAIN 
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2N4123, 2N4124 


FIGURE 10 — COLLECTOR SATURATION REGION 
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2N4125 
--2N4126 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Ic 
Total Device Dissipation @ Ta = 25°C Pp 625 mW 
5.0 mWw/°C 
Pp 5 
















> 3 Collector 










Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 





1 Emitter 


THERMAL CHARACTERISTICS AMPLIFIER TRANSISTORS 
: 










PNP SILICON 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 








OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) (Ic = —1.0 mAdc, IF = 0) 2N4125 | V(BR)CEO 
2N4126 


Collector-Base Breakdown Voltage (Ic = —10 wAdc, IE = 0) 2N4125 | V(BR)CBO 
2N4126 


Emitter-Base Breakdown Voltage (IE = —10 wAdc, ic = 0) V(BR)EBO 
Collector Cutoff Current (VcgB = —20 Vdc, IE = 0) ICBO 


Emitter Cutoff Current (VER = —3.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain(1) hFE 
(Ic = —2.0 mAdc, VcfE = —1.0 Vdc) 2N4125 50 
2N4126 120 
(I¢ = —50 mAdc, VcfE = —1.0 Vdc) 2N4125 25 
2N4126 60 
Collector-Emitter Saturation Voltage (1) VCE(sat) 
(Ic = —50 mAdc, IRB = —5.0 mAdc) 
Base-Emitter Saturation Voltage(1) VBE(sat) 
(lc = —50 mAdc, Ip = —5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = —10 mAdc, VcgE = —20 Vdc, f = 100 MHz) 2N4125 
2N4126 






Input Capacitance 
(VERB = —0.5 Vdc, Ic = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(Ic = —2.0 mAdc, Vce = —10 Vde, f = 1.0 kHz) 2N4125 
2N4126 


Current Gain — High Frequency 
(Ic = —10 mAdc, VcE = —20 Vdc, f = 100 MHz) 2N4125 
2N4126 


Noise Figure 
(Ic = —100 wAdc, Vcg = —5.0 Vde, Rg = 1.0 k ohm, 2N4125 
f = 1.0 KHz 2N4126 


(1) Pulse Test: Pulse Width < 300 psec, Duty Cycle = 2.0%. 


Collector-Base Capacitance , 
(VcB = —5.0 Vdc, IE = 0, f = 1.0 MHz) 
2.0 
2.5 
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CAPACITANCE (pF) 
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hy. CURRENT GAIN 
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FIGURE 1 — CAPACITANCE 
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FIGURE 2 — SWITCHING TIMES 
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FIGURE 11 — “ON” VOLTAGES 
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Oy, TEMPERATURE COEFFICIENTS (mV/°C) 
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2N4264 


MAXIMUM RATINGS 2N4265 


[__—Characteriso————~«d; Symbol 
Collector-Emitter Voltage VCEO 1 
Collector-Base Voltage VcCBO 0 

0 














Lee) 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


Emitter-Base Voltage VEBO 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C pee | 
PD 


3 
20 


\S 


3 Collector 


nm Ww al 
Heh 


Derate above 25°C 








Total Device Dissipation @ Tc = 25°C 1.0 
Derate above 25°C 8.0 
Operating and Storage Junction Ty, Tstg —55 to + 150 
Temperature Range 1 Emitter 





THERMAL CHARACTERISTICS GENERAL PURPOSE 


[Characteristic —————=«;“Symmbol_ TRANSISTORS 
Thermal Resistance, Junction to Ambient 













357 
NPN SILICON 
Thermal Resistance, Junction to Case 





ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 1.0 mAdc, Ig = 0) 2N4264 
2N4265 


Collector-Base Breakdown Voltage 
(Ic = 10 pAde, Ic = 0) 


Emitter-Base Breakdown Voltage 
(IE = 10 Adc, Ic = 0) 


Base Cutoff Current 
(VcE = 12 Vdc, VEB(off) = 0.25 Vdc) 
(VCE = 12 Vdc, VEB(off) = 9.25 Vde, Ta = 100°C) 


Collector Cutoff Current 

(VcE = 12 Vdc, VEB(off) = 0.25 Vdc) 
ON CHARACTERISTICS 
DC Current Gain 


(Ic = 1.0 mAdc, Veg = 1.0 Vdc) 2N4264 
2N4265 


(I¢ = 10 mAdc, Vcg = 1.0 Vde) 2N4264 
2N4265 


(Ic = 10 mAde, Vcg = 1.0 Vde, Ta = —55°C) 2N4264 
2N4265 


(Ic = 30 mAdc, Vcg = 1.0 Vdc) 2N4264 
2N4265 


(Ic = 100 mAdc, Vcg = 1.0 Vde)(1) 2N4264 
2N4265 


(ic = 200 mAde, VcE = 1.0 Vde)(1) 2N4264 
2N4265 


Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 10 mAdc, IB = 1.0 mAdc) 
(I¢ = 100 mAdc, IB = 10 mAdc)(1) 

Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 10 mAdc, IRB = 1.0 mAdc) 
(ic = 100 mAdc, IB = 10 mAdc)(1) 
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2N4264, 2N4265 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
po haracteristic | Symbot | Min | Max | Unit 
SMALL-SIGNAL CHARACTERISTICS a . 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, VcgE = 10 Vde, f = 100 MHz) 


Input Capacitance 


(VER = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


Output Capacitance 
(Vcp = 5.0 Vdc, IE = 0, f = 1.0 MHz, IE = 0) 


SWITCHING CHARACTERISTICS 


Delay Time __| (Vee = 10 Vde, VEB(oF#) = 2.0 Vde, 
Ic = 100 mAde, Ig, = 10 mAdc) (Fig. 1, Test Condition C) 
Vcc = 10 Vde, (Ic = 10 mAdc, for ts) 


(I¢ = 100 mA for tf) 
Fall T 
(IB1 = —10 mA) (Ig2 = 10 mA) (Fig. 1, Test Condition C) [= 








Turn-On Time (Vcc = 3.0 Vdc, VEB(off) = 1.5 Vde, 
Ic = 10 mAdc, Ig1 = 3.0 mAdc) (Fig. 1, Test Condition A) 


Turn-Off Time (Vcc = 3.0 Vde, Ic = 10 mAdc, 
IB1 = 3.0 mAdc, IB2 = 1.5 mAdc) (Fig. 1, Test Condition A) 


Storage Time (Vcc = 10 Vdc, Ic = 10 mA, 
IB1 = IB2 = 10 mAdc) (Fig. 1, Test Condition B) 
Total Control Charge | (Vcc = 3.0 Vde, Ic = 10 mAdc, Ip = mAdc) 
(Fig. 3, Test Condition A) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 





FIGURE 1 — SWITCHING TIME EQUIVALENT TEST CIRCUIT 
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2N4264, 2N4265 
CURRENT GAIN CHARACTERISTICS 


FIGURE 2 — MINIMUM CURRENT GAIN 
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east a i 
eile 
“Tico 
<1 ns 9.2 kQ pare | 
~ PULSE WIDTH (t)) = 5s DUTY CYCLE = 2% = TIME ——> 
NOTE 1 
When a transistor is held in a conductive state by a base current, If 1s were suddenly removed, the transistor would continue to con- 
1,, a charge, Qs, is developed or “‘stored’’ in the transistor. Q; may be duct until Q; is removed from the active regions through an external 
written: Qs = Qi + Qy + Qx. | path or through internal recombination. Since the internal recombina- 
Q, is the charge required to develop the required collector current. tion time is long compared to the ultimate capability of a transistor, a 
This charge is primarily a function of alpha cutoff frequency. Qy is charge, Q;, of opposite polarity, equal in magnitude, can be stored on 
the charge required to charge the collector-base feedback capacity. an external capacitor, C, to neutralize the internal charge and con- 
Qx is excess charge resulting from overdrive, i.e., operation in siderably reduce the turn-off time of the transistor. Figure 3 shows 


saturation. . 

The charge required to turn a transistor ‘‘on’’ to the edge of sat- 
uration is the sum of Q, and Q, which is defined as the active region 
charge, Qa. Qa = Is,t, when a transistor is driven by a constant cur- 


rent step (I,,) and Ip, << < — e 


the test circuit and Figure 4 the turn-off waveform. Given Q,; from 
Figure 13, the external C for worst-case turn-off in any circuit is: 
C = Q,/ AV, where AV is defined in Figure 3. 
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Vee, MAXIMUM COLLECTOR-EMITTER VOLTAGE (VOLTS) 


V,a¢, SATURATION VOLTAGE (VOLTS) 


Voce, MAXIMUM COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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2N4264, 2N4265 


“ON” CONDITION CHARACTERISTICS 


FIGURE 5 — COLLECTOR SATURATION REGION 
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2N4264, 2N4265 


DYNAMIC CHARACTERISTICS 


FIGURE 8 — DELAY TIME 
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FIGURE 10 — STORAGE TIME 
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FIGURE 12 — JUNCTION CAPACITANCE 
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FIGURE 9 — RISE TIME 
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| | : 2N4400 
MAXIMUM RATINGS | | 2N4401* 


Rating Symbol 
_ | Collector-Emitter Voltage VCEO 
Collector-Base Voltage VcBO 


Emitter-Base Voltage VEBO 
Collector Current — Continuous | Ig | 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


Ss 3 Collector 


Total Device Dissipation @ TA = 25°C . 
Derate above 25°C 


Total Device Dissipation @ TC = 25°C 
Derate above 25°C = 


1 Emitter 





, ae GENERAL PURPOSE 
THERMAL CHARACTERISTICS - TRANSISTORS 


[__—Characteristie ————S=«:“Symbor | 
Thermal Resistance, Junction to Ambient RaJA 
Thermal Resistance, Junction to Case RgJc 83.3 





NPN SILICON 








*This is a Motorola 
designated preferred device. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


ee 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO dc 
(I¢ = 1.0 mAdc, Ip = 0) © 

Collector-Base Breakdown Voltage ‘| V(BR)CBO 
(i¢ = 0.1 mAdc, Ie = 0) | 

Emitter-Base Breakdown Voltage ; a4 V(BR)EBO 
(Ie = 0.1 mAdc, Ic = 0) . | 

Base Cutoff Current IBEV 0.1 pAdc 
(VcE = 35 Vdc, Veg = 0.4 Vdc) . 

Collector Cutoff Current ICEX 
(VcE = 35 Vdc, Veg = 0.4 Vdc) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(I¢ = 0.1 mAdc, VcgE = 1.0 Vdc) 2N4401 





(ic = 1.0 mAdc, VcE = 1.0 Vdc) 2N4400 
2N4401 


(I¢ = 10 mAdc, VcE = 1.0 Vdc) 2N4400 
2N4401 


(Ic = 150 mAdc, Vcg = 1.0 Vdc) 2N4400 
, » a 2N4401 


(ic = 500 ) mAde, VcE = 2.0 Vdc) : 2N4400 
ne ee 2N4401 


Collector. Emitter Saturation Voltage VCE(sat) 
(I¢ = 150 mAdc, Ip = 15 mAdc) 
(I¢ = 500 mAdc, Ip = 50 mAdc) ; 


Base-Emitter Saturation Voltage 
(Ic = 150 mAdc, Ip = 15 mAdc) 
(I¢ = 500 mAdc, Ip = 50 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 20 mAdc, VcE = 10 Vdc, f = 100 MHz) 





Collector-Base Capacitance 
(VcB = 5.0 Vde, Ie = 0, f = 1.0 MHz) 
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2N4400, 2N4401 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Symbol_| Min | Max | Unit_| 


Emitter-Base Capacitance 


(VER = 0.5 Vdc, ic = 0, f = 1.0 MHz) 


Input Impedance 


(Ic = 1.0 mAdc, Vcf = 10 Vdc, f = 1.0 kHz) 2N4400 
2N4401 
Voltage Feedback Ratio 
(I¢ = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 
Small-Signal Current Gain 
(ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 2N4400 
2N4401 


Output Admittance 





Fall Time 


(I¢ = 1.0 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) 
SWITCHING CHARACTERISTICS 


Delay Time 


(Vcc = 30 Vdc, VpE = 2.0 Vdc, 
Ic = 150 mAdc, Ip1 = 15 mAdc) 


(Vcc = 30 Vdc, Ic = 150 mAdc, 
ig1 = Ip2 = 15 mAdc) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 


CAPACITANCE (pF) 


we |= | = | 
hie k ohms 
0.5 7.5 
1.0 15 





SWITCHING TIME EQUIVALENT TEST CIRCUITS 


FIGURE 1 — TURN-ON TIME 
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FIGURE 2 — TURN-OFF TIME 
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*Total shunt capacitance of test jig connectors, and oscilloscope 


TRANSIENT CHARACTERISTICS 
——— 100°C 


25°C 





FIGURE 3 — CAPACITANCES 
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TIME (ns). 


ts’ STORAGE TIME (ns) 


NF, NOISE FIGURE (dB) 


2N4400, 2N4401 


FIGURE 5 — TURN-ON TIME 
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FIGURE 7 — STORAGE TIME 
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FIGURE 6 — RISE AND FALL TIMES 
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FIGURE 8 — FALL TIME 
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SMALL-SIGNAL CHARACTERISTICS 


NOISE FIGURE 
VcE = 10 Vdc, Ta = 25°C 
Bandwidth = 1.0 Hz 


FIGURE 9 — FREQUENCY EFFECTS 
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2N4400, 2N4401 


h PARAMETERS 
VcE = 10 Vde, f = 1.0 kHz, Ta = 25°C 


selected from both the 2N4400 and 2N4401 
lines, and the same units were used to de- 
velop the correspondingly numbered curves 
on each graph. 


This group of graphs illustrates the relation- 
ship between hfe and other “‘h” parameters 
for this series of transistors. To obtain these 
curves, a high-gain and a low-gain unit were 


hee, NORMALIZED CURRENT GAIN 


FIGURE 11 — CURRENT GAIN 
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FIGURE 13 — VOLTAGE FEEDBACK RATIO 
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FIGURE 12 — INPUT IMPEDANCE 
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FIGURE 14 — OUTPUT ADMITTANCE 
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STATIC CHARACTERISTICS 


FIGURE 15 — DC CURRENT GAIN 
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VOLTAGE (VOLTS) 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2N4400, 2N4401 


FIGURE 16 — COLLECTOR SATURATION REGION 
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2N4402 
2N4403* 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


SS 


7 3 Collector 


MAXIMUM RATINGS 


[Rating «dpb | 
collector Curent — Contmuus sig 


Ic 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS GENERAL PURPOSE 


Symbo TRANSISTORS 
Thermal Resistance, Junction to Ambient PNP SILICON 
Thermal Resistance, Junction to Case RgJc 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Pp Characteristic | Symbol | Min | Max | Unit 
OFF CHARACTERISTICS 
Base Cutoff Current (VcE = —35 Vdc, Veg = —0.4 Vdc) 


Collector Cutoff Current (VcE = —35 Vdc, Veg = —0.4 Vdc) ICEX 
ON CHARACTERISTICS 


DC Current Gain 
(I¢ = —0.1 mAdc, VcE — 1.0 Vdc) 




















1 Emitter 








*This is a Motorola 
designated preferred device. 


(I¢ = —1.0 mAdc, VcE = —1.0 Vde) 
(l¢ = —10 mAdc, VcgE = —1.0 Vdc) 
(I¢ = —150 mAdc, Veg = —2.0 Vde)(1) 
(Ic = —500 mAdc, Vcg = —2.0 Vde)(1) 
Collector-Emitter Saturation Voltage(1) VCE(sat) 
(I¢ = —150 mAde, Ip = —15 mAdc) 
(Ic = —500 mAdc, Ip = —50 mAdc) 
Base-Emitter Saturation Voltage(1) VBE(sat) 
(Ic = —150 mAdc, Ip = —15 mAdc) 
(I¢ = —500 mAdgc, Ig = —50 mAdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = —20 mAdc, VceE = —10 Vde, f = 100 MHz) 


Collector-Base Capacitance 
(VcB = —10 Vde, Ig = 0, f = 1.0 MHz) 


Emitter-Base Capacitance 
(VER = -—0.5 Vdc, ic = 0, f = 1.0 MHz) 


Input Impedance 
(Ic = —1.0 mAdc, Vce = —10 Vdc, f = 1.0 kHz) 
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2N4402, 2N4403 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Voltage Feedback Ratio 
(lc = —1.0 mAdc, Vcge = —10 Vdc, f = 1.0 kHz) 


Small-Signal Current Gain 
(I¢ = —1.0 mAdc, Vcf = —10 Vdc, f = 1.0 kHz) 


Output Admittance 


(Ic = —1.0 mAdc, Vcf = —10 Vde, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 


| Delay Time (Vcc = —30 Vdc, VgE = +2.0 Vdc, 
| Ic = —150 mAdc, Igy = — 15 mAdc) 


(Voc = 30 Vde, Ic = -150 mAde, 
Fall Time IB1 = —15 mA, Ip2 = 15 mA) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 





SWITCHING TIME EQUIVALENT TEST CIRCUIT 


FIGURE 1 — TURN-ON TIME FIGURE 2 — TURN-OFF TIME 
~30V —30V 
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NF, NOISE FIGURE (dB) 


t, TIME (ns) 


2N4402, 2N4403 


FIGURE 5 — TURN-ON TIME 
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FIGURE 6 — RISE TIME 
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FIGURE 7 — STORAGE TIME 
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SMALL-SIGNAL CHARACTERISTICS 


NOISE FIGURE 
VceE = —10 Vdc, Ta = 25°C 


FIGURE 8 — FREQUENCY EFFECTS 
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FIGURE 9 — SOURCE RESISTANCE EFFECTS 
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2N4402, 2N4403 


h PARAMETERS 
VceE = —10 Vdc, f = 1.0 kHz, Ta = 25°C 


This group of graphs illustrates the relationship be-. 
tween hy, and other ‘‘h’’ parameters for this series 
of transistors. To obtain these curves, a high-gain 
and a low-gain unit were selected from both the 


FIGURE 10 — CURRENT GAIN 
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FIGURE 12 — VOLTAGE FEEDBACK RATIO 
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2N4402 and 2N4403 lines, and the same units 
were used to develop the correspondingly- 
numbered curves on each graph. 


FIGURE 11 — INPUT IMPEDANCE 
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FIGURE 13 — OUTPUT ADMITTANCE 
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STATIC CHARACTERISTICS 


FIGURE 14 — DC CURRENT GAIN 
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Vee, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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FIGURE 15 — COLLECTOR SATURATION REGION 
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FIGURE 16 — “ON” VOLTAGES FIGURE 17 — TEMPERATURE COEFFICIENTS 
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2N4410 


MAXIMUM RATINGS 
Emitter-Base Voltage | Vepo | 50 | Vdc | 


Collector Current — Continuous 



















CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 





, 3 Collector 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 

Temperature Range 
THERMAL CHARACTERISTICS 

| Characteristic | Symbol 





1 Emitter 





AMPLIFIER TRANSISTOR 
NPN SILICON 





Refer to 2N5550 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Symbol [Min [Max [Unie 


OFF CHARACTERISTICS | 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(ic = 1.0 mAdc, Ig = 0) 

Collector-Emitter Breakdown Voltage V(BR)CEX 
(Ic = 500 wAdc, Vege = 5.0 Vde, Ree = 8.2 k ohms) 

Collector-Base Breakdown Voltage 


(ic = 10 wAde, IE = 0) 


Emitter-Base Breakdown Voltage 
(l_ = 10 wAde, Ic = 0) 





Collector Cutoff Current 


(Vcpg = 100 Vdc, IE = 0) 
(Vcg = 100 Vdc, IE = 0, Ta = 100°C) 


Emitter Cutoff Current 
(Veg = 4.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain (Ic = 1.0 mAdc, VcE = 1.0 Vde) 
(Ic = 10 mAdc, VcgE = 1.0 Vdc) 


Collector-Emitter Saturation Voltage (Ic = 1.0 mAdc, Ip = 0.1 mAdc) VCE(sat) 
Base-Emitter Saturation Voltage (Ic = 1.0 mAdc, IR = 0.1 mAdc) VBE(sat) 


Base-Emitter On Voltage (Ic = 1.0 mAdc, Vcg = 5.0 Vdc) VBE(on) 
SMALL-SIGNAL CHARACTERISTICS 


Current Gain — Bandwidth Product(2) 
(I¢ = 10 mAdc, VcgE = 10 Vdc, f = 20 MHz) 


Collector-Base Capacitance 





(Vcg = 10 Vdc, IE = 0, f = 1.0 MHz, emitter guarded) 


Emitter-Base Capacitance 
(VER = 0.5 Vde, Ic = 0, f = 1.0 MHz, collector guarded) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) fr = lhfel ¢ ftest- 
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2N5086 
2N5087* 


MAXIMUM RATINGS 


Symbol 
Collector-Emitter Voltage VCEO ae eae 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


Qs 
2 
Bas 


Collector-Base Voltage VCBO 
Emitter-Base Voltage VEBO 
Collector Current — Continuous Lig | 


3 Collector 


[& 


3 1 Emitter 


Ic 
Total Device Dissipation @ Ta = 25°C Pp 
Derate above 25°C 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 





Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


[Characteristic ———=—S—«d;_Symbot_ 
Thermal Resistance, Junction to Ambient R@JA 200 
Thermal Resistance, Junction to Case Rejc 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 





AMPLIFIER TRANSISTORS 


PNP SILICON 
*xThis is a Motorola 
designated preferred device. 














OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
(Ic = —1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(ic = —100 wAdc, IE = 0) 

Collector Cutoff Current ICBO 
(VcB = —35 Vdc, IE = 0) 

Emitter Cutoff Current 
(VER = —3.0 Vdc, Ic = 0) 

ON CHARACTERISTICS 


DC Current Gain 
(I¢ = —100 pAdc, VcF —5.0 Vdc) 2N5086 
2N5087 


(I¢ = —1.0 mAdc, VcE = —5.0 Vdc) 2N5086 
2N5087 


(I¢ = —10 mAdc, Vce = —5.0 Vdc)(2) 2N5086 
2N5087 


Collector-Emitter Saturation Voltage VCE(sat) 
(l¢ = —10 mAdc, Ip = —1.0 mAdc) 

Base-Emitter On Voltage VBE(on) 
(I¢ = —1.0 mAdc, Veg = —5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 


Current Gain — Bandwidth Product ee oe 





(ic = —500 wAdc, Vcg = —5.0 Vde, f = 20 MHz) 


Small-Signal Current Gain 
(lc = —1.0 mAdc, VcgE = —5.0 Vde, f = 1.0 kHz) 2N5086 
2N5087 


Noise Figure 
(ic = —20 wAdc, VCE = —5.0 Vdc, Rg = 10 k ohms, 2N5086 
f = 1.0 kHz) 2N5087 


(Ic = —100 pAdc, VceE = —5.0 Vdc, Rg = 3.0 k ohms, 2N5086 
f = 1.0 kHz) 2N5087 


(2) Pulse Test: Pulse Width < 300 ws, Duty Cycle < 2.0%. 
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2N5086, 2N5087 


TYPICAL NOISE CHARACTERISTICS 
(VcE = —5.0 Vdc, Ta = 25°C) 

FIGURE 1 — NOISE VOLTAGE ' FIGURE 2 — NOISE CURRENT 
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NOISE FIGURE CONTOURS 
(VcE = —5.0 Vdc, Ta = 25°C) 
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Noise Figure is Defined as: 
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FA _—S €rn = Noise Voltage of the Transistor 

us a co referred to the input. (Figure 3) 

& all Eilts Eade In = Noise Current of the transistor 

9 a! GI ithaca cee rarer F . referred to the input (Figure 4) 

¥ a —L————— = K = Boltzman’‘s Constant (1.38 x 10-23 j/°K) 
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——— mmo Rs = Source Resistance (Ohms) 
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2N5086, 2N5087 
TYPICAL STATIC CHARACTERISTICS 


FIGURE 6 — DC CURRENT GAIN 
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FIGURE 9 — “ON” VOLTAGES FIGURE 10 — TEMPERATURE COEFFICIENTS 
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2N5086, 2N5087 


TYPICAL DYNAMIC CHARACTERISTICS 


| FIGURE 11 — TURN-ON TIME 
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FIGURE 13 — CURRENT-GAIN — BANDWIDTH PRODUCT 
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FIGURE 15 — INPUT IMPEDANCE 
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FIGURE 12 — TURN-OFF TIME 
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FIGURE 14 — CAPACITANCE 


—0.2 





-05-10 -20 -5.0 —10 
Vr, REVERSE VOLTAGE (VOLTS) 


005 —-0.1 ~ 20 


FIGURE 16 — OUTPUT ADMITTANCE 
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2N5086, 2N5087 
FIGURE 17 — THERMAL RESPONSE 


r(t), TRANSIENT THERMAL RESISTANCE 
(NORMALIZED) 
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DUTY CYCLE, D = t4/t2 

D CURVES APPLY FOR POWER 
PULSE TRAIN SHOWN 

READ TIME AT ty (SEE AN-569) 


ZeJA(t) = F(t) - Resa 
TJ(pk) -TA = P(pk) ZaJA(t) 
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FIGURE 18 — ACTIVE-REGION SAFE OPERATING AREA 
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The safe operating area curves indicate Ic-VcCE limits 
of the transistor that must be observed for reliable oper- 
ation. Collector load lines for specific circuits must fall 
below the limits indicated by the applicable curve. 

The data of Figure 20 is based upon TJ(pk) = 150°C; 
Tc or Tag is variable depending upon conditions. Pulse 
curves are valid for duty cycles to 10% provided TJ(pk) S 
150°C. TJ(pk) may be calculated from the data in Figure 
19. At igh. case or ambient temperatures, thermal limi- 
tations will reduce the power that can be handled to 
values less than the limitations imposed by second break- 
down. 


DESIGN NOTE: USE OF THERMAL RESPONSE DATA 


A train of periodical power pulses can be represented by 
the model as shown in Figure 19A. Using the model and the 
device thermal response the normalized effective transient 
thermal resistance of Figure 19 was calculated for various 
duty cycles. 

To find Z@jA(t), Multiply the value obtained from 
Figure 19 by the steady state value Rg ja. 
Example: 
The MPS3905 is dissipating 2.0 watts peak under the 
following conditions: 

t1 = 1.0 ms, t2 = 5.0 ms (D = 0.2) 

Using Figure 19 at a pulse width of 1.0 ms and D = 0.2, 
the reading of r(t) is 0.22. 
The peak rise in junction temperature is therefore 

AT = r(t) x Pink) x R@JA = 0.22 x 2.0 x 200 = 88°C. 
For more information, see AN-569. 
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2N5088 
-2N5089 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS — : 


Symbol | 2N5088 









Collector-Emitter Voltage 
Collector-Base Voltage 


Emitter-Base Voltage 


SS 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C : 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


3 Collector 





1 Emitter 


THERMAL CHARACTERISTICS 
| Characteristic =| Symbol 
Thermal Resistance, Junction to Case 


AMPLIFIER TRANSISTORS 









NPN SILICON 





Refer to MPSA18 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C dnlees otherwise noted.) 
Symbot_[ Min | Max [Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) (Ic = 1.0 mAdc, Ip = 0) 2N5088 
2N5089 


Collector-Base Breakdown Voltage (ic = 100 wAdc, l—E = 0) © 2N5088 
2N5089 


Collector Cutoff Current (Vcp = 20 Vdc, IE = 0) ; 2N5088 
(Vcp = 15 Vdc, IE = 0) 2N5089 


Emitter Cutoff Current (VEB(off) = 3.0 Vdc, | 
(VEB(off) = 4.5 Vdc, | 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 100 Ade, VcE = 5.0 Vdc) 2N5088 
2N5089 





(I¢ = 1.0 mAdc, Vcg = 5.0 Vdc) 2N5088 
2N5089 


(Ic = 10 mAdc, Veg = 5.0 Vdc)(2) 2N5088 
= 2N5089 


Collector-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 


Base-Emitter On Voltage 
(I¢ = 10 mAdc, Vcg = 5.0 Vde)(2) 


_ SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(I¢ = 500 wAdc, VcE = 5.0 Vdc, f = 20 MHz) 
Collector-Base Capacitance ; 

(Vcp = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 


Emitter-Base Capacitance 
(VER = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 





Small-Signal Current Gain 
(Ic = 1.0 mAdc, Vcge = 5.0 Vde, f = 1.0 kHz) 2N5088 
2N5089 


Noise Figure 
(ic = 100 wAdc, VcE = 5.0 Vdc, Rg = 10 k ohms, 2N5088 
f = 1.0 kHz) 2N5089 


(1) Raja is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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2N5209 
2N5210 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Collector Current — Continuous 


NN 3 Collector 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


1 Emitter 





THERMAL CHARACTERISTICS 


AMPLIFIER TRANSISTORS 


Thermal Resistance, Junction to Ambient R@JA 
Thermal Resistance, Junction to Case ReJc 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


pC haracteristic | Symbot | Min | Max | Unit 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 0.1 mAdc, IE = 0) 

Collector Cutoff Current ICBO nAdc 
(VcB = 35 Vdc, IE = 0) 

Emitter Cutoff Current nAdc 
(VEB = 3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 
DC Current Gain 


(ic = 100 wAdc, VcE = 5.0 Vdc) 2N5209 
2N5210 


NPN SILICON 





Refer to MPSA18 for graphs. 





(I¢ = 1.0 mAdc, Veg = 5.0 Vdc) 2N5209 
2N5210 


10 mAdc, Vcg = 5.0 Vdc)(1) 2N5209 
2N5210 


Collector-Emitter Saturation Voltage VCE(sat) 0.7 Vdc 
(I¢ = 10 mAdc, IR = 1.0 mAdc) 
Base-Emitter On Voltage VBE(on) Vde 
| (Ic = 1.0 mAdc, Vcg = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain -—- Bandwidth Product 
(Ic = 500 wAdc, Vce = 5.0 Vdc, f = 20 MHz) 












| Collector-Base Capacitance 
(VcB = 5.0 Vdc, IE = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(I¢ = 1.0 mAdc, Vcg = 5.0 Vde, f = 1.0 kHz) 2N5209 
2N5210 












Noise Figure 
(Ic = 20 wAdc, VcE = 5.0 Vde, Rg = 22 k ohms, 2N5209 
f = 1.0 kHz) 2N5210 


lI 
i 











(Ic = 20 Ade, VcE = 5.0 Vde, Rs 
f = 1.0 kHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 


10 k ohms, 2N5209 
2N5210 
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2N5223 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) _ 


MAXIMUM RATINGS 









Ss 






3 Collector 


25 
| Total Device Dissipation @ Ta = 25°C mW 
Derate above 25°C mW/°C 
Total Device Dissipation @ Tc = 25°C , 1S Watt 
Derate above 25°C . 12.0 mWw/°C 
Operating and Storage Junction Ty, Tstg | —55 to +150 °C 
Temperature Range 


THERMAL CHARACTERISTICS 
cow 






1 Emitter 


AMPLIFIER TRANSISTOR 


NPN SILICON 





Refer to 2N3903 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta, = 25°C unless otherwise noted.) 


| Symbol | Min | Max | Unit _| 















OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 20 Vdc 
(I¢ = 1.0 mAdc, IB = 0) , 

Collector-Base Breakdown Voltage V(BR)CBO 


(Ic = 100 pAdc, IE = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 3.0 
(Iz = 100 Adc, Ic = 0) 









Collector Cutoff Current _ ICBO 
(VcB = 10 Vdc, le. = 0) 


Emitter Cutoff Current 
(VERB = 3.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 2.0 mAdc, VcE = 10 Vdc) 


Collector-Emitter Saturation Voltage | VCE(sat) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 


Base-Emitter Saturation Voltage . VBE(sat) 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS © 


Current-Gain — Bandwidth Product 

(Ic = 10 mAdc, VcgE = 10 Vde, f = 100 MHz) 
Collector-Base Capacitance 

(VcB = 10 Vdc, Ig = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(I¢ = 2.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 


FE 
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2N5400 
2N5401* 


MAXIMUM RATINGS 


Vde 
[Emiter-Base Voltage —=~=S~*~*~drCw | 
Collector Current — Continuous | ic | -600 mAdc 











CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 




























Total Device Dissipation @ Ta = 25°C SS 3 Collector 
Derate above 25°C 
Total Device Dissipation @ Tc = 25°C n a 
Derate above 25°C Base 
Operating and Storage Junction Ty, Tstg 1 
Temperature Range 2 1 Emitter 
THERMAL CHARACTERISTICS AMPLIFIER TRANSISTORS 





PNP SILICON 


*This is a Motorola 
designated preferred device. 











[Characteristic =~ “Symbot_[ Max 
Thermal Resistance, Junction to Ambient 
Thermal Resistance, Junction to Case RgJc 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| Min | Max | Unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vde_ 
(Il¢ = —1.0 mAdc, Ip = 0) 2N5400 —120 
2N5401 — 150 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = —100 pAdc, ig = 0) 2N5400 | 
2N5401 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = —10 pAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = —100 Vdc, IE = 0) 2N5400 
(VcB = —120 Vde, IE = 0) 2N5401 
(VCcB = ~—100 Vdc, IE = 0, Ta = 100°C) 2N5400 
(VcB = —120 Vde, IE = 0, Ta = 100°C) 2N5401 


Emitter Cutoff Current 
(VERB = —3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(Ic = —1.0 mAdc, Vceé = —5.0 Vdc) 2N5400 
2N5401 





(Ic = —10 mAdc, Vcg = —5.0 Vdc) 2N5400 
2N5401 


(Ic = —50 mAdc, Vcg = —5.0 Vdc) 2N5400 
2N5401 


Collector-Emitter Saturation Voltage 
(l¢ = -—10 mAdc, Ip = —1.0 mAdc) 
(Ic = —50 mAdc, Ip = —5.0 mAdc) 


Base-Emitter Saturation Voltage 
(I¢ = —10 mAdc, Ip = —1.0 mAdc) 
(Ic = —50 mAdc, Ip = —5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(IC = —10 mAdc, VcgE = —10 Vdc, f = 100 MHz) 2N5400 
2N5401 


Output Capacitance Cobo pF 
(VcB = —10 Vdc, IE = 0, f = 1.0 MHz) 
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2N5400, 2N5401 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic a —_— 


Small-Signal Current Gain eh | 
_ (ic = -1.0 mAde, Voz = —10 Vde, f = 1.0 kHz) 2N5400 | 
2N5401 


Noise Figure 
- (I¢ = —250 wAdc, Vcg = —5.0 Vdc, - 
Rs = 1.0 kohm, f = 1.0 kHz) 


(1) Pulse Test: Pulse Width = 300 ys, Duty Cycle = 2.0%. 





FIGURE 1 — DC CURRENT GAIN 
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FIGURE 2 — COLLECTOR SATURATION REGION 
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FIGURE 3 —- COLLECTOR CUT-OFF REGION 
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V, VOLTAGE (VOLTS) 


t, TIME (ns) 


2N5400, 2N5401 


FIGURE 4 — “ON” VOLTAGES 


VBE(SAT) @ ssa 10 SEAT 


A 
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FIGURE 6 — SWITCHING TIME TEST CIRCUIT 
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FIGURE 8 — TURN-ON TIME 
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FIGURE 5 — TEMPERATURE COEFFICIENTS 
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FIGURE 7 — CAPACITANCES 
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2N5550 
2N5551* 


MAXIMUM RATINGS | 
CT Rating —*d Syb J 







eee 
160 
ine ae 
ee ee 
15 
12 






CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


SS 


3 Collector 





Total Device Dissipation @ TA = 25°C mW 
~ Derate above 25°C 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C mW/°C 
Operating and Storage Junction TJ, Tstg —55 to +150 °C 
Temperature Range | 
THERMAL CHARACTERISTICS AMPLIFIER TRANSISTORS 


Symbol | Max | Unit _| NPN SILICON 
Thermal Resistance, Junction to Ambient R@JA *This is a Motorola 
Thermal Resistance, Junction to Case 83.3 °C/W designated preferred device. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


a 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) | Vde 
_(I¢ = 1.0 mAdc, Ip = 0) 140 
160 
| | V(BR)CBO Vde 
(Ic = 100 pAdc, Ie = 0) 2N5550 © 160 
| 2N5551 180 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 wAdc, Ic = 0) 







1 Emitter 














V(BR)CEO 















2N5550 
2N5551 











Collector-Base Breakdown Voltage 
























Emitter Cutoff Current 
(Veg = 4.0 Vde, Ic = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(I¢ = 1.0 mAdc, Vcge = 5.0 Vdc) 2N5550 
2N5551 


Collector Cutoff Current ICBO 
(Vcp = 100 Vdc, Ip = 0) -2NB550 100 nAdc 
(Veg = 120 Vde, Ie = 0) 2N5551 50 

.(VceB = 100 Vdc, IE = 0, Ta = 100°C) 2N5550 100 pAdc 
(VcB = 120 Vdc, IE = 0, Ta = 100°C) 2N5551 50 


Li ee, 





(I¢ = 10 mAdc, VcE = 5.0 Vdc) 2N5550 
2N5551 


(ic = 50 mAdc, Vcg = 5.0 Vde) - 2N5550 
| | | 2N5551 


Collector-Emitter Saturation Voltage . VCE(sat) 
_ (I¢ = 10 mAdc, Ip = 1.0 mAdc) _ . Both Types 


(ic = 50 mAdc, Ig = 5.0 mAdc) 2N5550 
eee 2N5551 


Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) Both Types 





ic. = 50 mAde, Ip = 5.0.mAdc) 2N5550 
ig ot 25551 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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2N5550, 2N5551 
Characteristic 


SMALL-SIGNAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Current-Gain — Bandwidth Product 
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acitance 
0 Vdc, IE = 0, f = 1.0 MHz) 


Cap 
Input Capacitance 
0.5 Vdc, Ic 


1 


(Ic = 1.0 mAdc, VcgE = 10 Vde, f = 1.0 kHz) 
1.0 kHz) 


Noise Figure 
(Ic = 250 pAdc, Vcge = 5.0 Vdc, Rs 


(lc = 10 mAdc, VcE 


Output 
(VcB 
(VEB 


f 
0 
0 
0 
0 
0 
30 
20 
0 
0 
0 
0. 
0 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 
0 





Small-Signal Current Gain 


(SLIOA) SOVLIOA YSLLINS-¥01997709 ‘39 
NIVS LNSYYND Ig ‘3du J 937109 ‘3A 


Ig, BASE CURRENT (mA) 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
2-49 





V, VOLTAGE i LTS) 


2N5550, 2N5551 


FIGURE 3 
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t, TIME (ns) 


2N5550, 2N5551 


FIGURE 8 — TURN-ON TIME FIGURE 9 — TURN-OFF TIME 
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_ Be 2N6426* 

_MAXIMUM RATINGS | | 2N6427 
Rating 

Collector-Emitter Voltage 


Collector-Base Voltage VCBO 
Emitter-Base Voltage —“E80 


Collector Current — Continuous 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 
Collector 3 


y 


Total Device Dissipation @ Ta = 25°C 


Derate above 25°C , 


Emitter 1 





DARLINGTON TRANSISTORS 


NPN SILICON 


*This is a Motorola 
designated preferred device. 







Characteristic 
Thermal Resistance, Junction to Ambient 
Thermal Resistance, Junction to Case 






ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbol | min | typ | Max | unit _| 


OFF CHARACTERISTICS 










Collector-Emitter Breakdown Voltage(1) | V(BR)CEO 
(I¢ = 10 mAdc, VBE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(I¢ = 100 pAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 wAdc, Ic = 0) 

Collector Cutoff Current ICEO pAdc 
(VCE = 25 Vdc, Ip = 0) 

Collector Cutoff Current ICBO nAdc 
(VcB = 30 Vdc, Ie = 0) 

Emitter Cutoff Current nAdc 
(VEB = 10 Vdc, Ic = 0) 


ON CHARACTERISTICS 
DC Current Gain (1) 


(Ic = 10 mAdc, VcE = 5.0 Vdc) 2N6426 20,000 200,000 
2N6427 10,000 100,000 









(Ic = 100 mAdc, VcE = 5.0 Vdc) 2N6426 30,000 300,000 
2N6427 20,000 200,000 


(Ic = 500 mAde, VcE = 5.0 Vdc) 2N6426 20,000 200,000 
2N6427 14,000 140,000 


Collector-Emitter Saturation Voltage 
(I¢ = 50 mAdc, Ip = 0.5 mAdc) 
(I¢ = 500 mAdc, Ip = 0.5 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = 500 mAdc, Ip = 0.5 mAdc) 


Base-Emitter On Voltage 
(Ic = 50 mAdc, VcgE = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS © 


Output Capacitance ~ 
‘(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 
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2N6426, 2N6427 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted. ea 
Characteristic 


















Input Impedance 


(ic = 10 mAde, Vcg = 5.0 Vde, f = 1.0 kHz) 2N6426 


2000 
2N6427 1000 
Small-Signal Current Gain 
(Ic = 10 mAde, VcE = 5.0 Vde, f = 1.0 kHz) 2N6426 20,000 
2N6427 10,000 
Current Gain — High Frequency lhfel 
(Ic = 10 mAdc, Vce = 5.0 Vde, f = 100 MHz) 2N6426 
2N6427 
Output Admittance os) 
(i¢ = 10 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 

















Noise Figure 
(I¢ = 1.0 mAdc, Vcge = 5.0 Vdc, Rg = 100 kf, 
f = 1.0 kHz) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 


FIGURE 1 — TRANSISTOR NOISE MODEL 


Ideal 


Transistor 





NOISE CHARACTERISTICS 
(VceE = 5.0 Vdc, Ta = 25°C) 


FIGURE 2 — NOISE VOLTAGE FIGURE 3 — NOISE CURRENT 
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Vr, TOTAL WIDEBAND NOISE VOLTAGE (nV) 


-C, CAPACITANCE (pF) 


hfe, OCCURRENTGAIN 


0.04 


2N6426, 2N6427 


FIGURE 4 — TOTAL MIDE B ATs NOISE VOLTAGE 
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FIGURE 6 — CAPACITANCE 
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2N6426, 2N6427 


FIGURE 10 — “ON” VOLTAGES FIGURE 11 — TEMPERATURE COEFFICIENTS 
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MAXIMUM RATINGS 


: 2N6516 | 2N6517 

Rating ____| Symbol 2N6519 | 2N6520 
Collector-Emitter Voltage | Vceo | 260 | 300 | 350 | Vdc _ 
Collector-Base Voltage ___| Ccpo | 250 | 300 | 350_| 


Emitter-Base Voltage 
2N6515, 2N6516, 2N6517 
2N6519, 2N6520 


|BaseCurrent Tt 


















| NPN 
2N6515 
thru 2N6517* 


PNP 
2N6519(2) 
2N6520* (2) 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 

















Collector Current — Continuous 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation 


























@T¢c i" 25°C 3 Collector 3 Collector 
Derate above 25°C 
2 2 
Base Base 
1 Emitter 1 Emitter 
NPN PNP 
_ Characteristic 





HIGH VOLTAGE 
TRANSISTORS 


Thermal Resistance, Junction to Ambient 












Thermal Resistance, Junction to Case 


*This is a Motorola 
designated preferred device. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit | 
OFF CHARACTERISTICS | | 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(ic = 1.0 mAde, Ip = 0) 2N6515 | 
. : 2N6516, 2N6519 
2N6517, 2N6520 


Collector-Base Breakdown Voltage - V(BR)CBO 
(I¢ = 100 wAdc, IE = 0) 2N6515 
2N6516, 2N6519 - 3 
2N6517, 2N6520 
Emitter-Base Breakdown Voltage V(BR)EBO 
(l— = 10 wAdc, Ic = 0) ' 2N6515, 2N6516, 2N6517 
| 2N6519, 2N6520 
Collector Cutoff Current ICBO 
| (Vcp = 150 Vdc, IE = 2N6515 
(VcB = 200 Vdc, Ie 2N6516, 2N6519 
(Vcp = 250 Vdc, Ie 2N6517, 2N6520 
Emitter Cutoff Current . 
(VERB = 5.0 Vdc, Ic = 0) 2N6515, 2N6516, 2N6517 
(VER = 4.0 Vdc, Ic = 0) 2N6519, 2N6520 


ON CHARACTERISTICS(1) 


DC Current Gain 
(i¢ = 1.0 mAdc, VcE = 10 Vdc) 2N6515 
2N6516, 2N6519 
2N6517, 2N6520 








(Ic = 10 mAde, VcE = 10 Vde) 2N6515 
2N6516, 2N6519 
2N6517, 2N6520 


(i¢ = 30 mAdc, VcgE = 10 Vdc) 2N6515 
. 2N6516, 2N6519 
2N6517, 2N6520 


(i¢ = 50 mAdc, VcgE = 10 Vdc) 2N6515 
2N6516, 2N6519 
2N6517, 2N6520 


(ic = 100 mAdc, VcE = 10 Vdc) 2N6515 
2N6516, 2N6519 
2N6517, 2N6520 
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NPN 2N6515 thru 2N6517, PNP 2N6519, 2N6520 


_ ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 

































(i¢ = 20 mAdc, Ig = 2.0 mAdc) 
(I¢ = 30 mAdc, Ip = 3.0 mAdc) 
(I¢ = 50 mAdc, Ig = 5.0 mAdc) 
Base-Emitter Saturation Voltage 
Base-Emitter On Voltage VBE(on) 
(I¢ = 100 mAdc, VcgE = 10 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(1) fT 
(I¢ = 10 mAdc, Vcge = 20 Vde, f = 20 MHz) 
Collector-Base Capacitance Cob pF 
(VcB = 20 Vdc, Ie = 0, f = 1.0 MHz) 
Ceb pF 










Collector-Emitter Saturation Voltage VCE(sat) 
(i¢ = 10 mAdc, Ig = 1.0 mAdc) 
VBE(sat) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
(I¢ = 20 mAdc, Ig = 2.0 mAdc) 
(I¢ = 30 mAdc, Ip = 3.0 mAdc) 
Emitter-Base Capacitance 
(VER = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 2N6515 thru 2N6517 
2N6519, 2N6520 





SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 100 Vdc, VBE(off) = 2.0 Vdc, Ic = 50 mAdc, Ig, = 10 mAdc) 


Turn-Off Time 
(Vcc = 100 Vde, Ic = 50 mAdc, Ip1 = Ip2 = 10 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) Voltage and current are negative for PNP transistors. 





NPN | PNP 


FIGURE 1 — DC CURRENT GAIN 
2N6515, 2N6516 2N6519 
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NPN 2N6515 thru 2N6517, PNP 2N6519, 2N6520 | 


FIGURE 2 — DC CURRENT GAIN 
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NPN 2N6515 thru 2N6517, PNP 2N6519, 2N6520 


FIGURE 5 — TEMPERATURE COEFFICIENTS 
2N6515, 2N6516, 2N6517 2N6519, 2N6520 
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FIGURE 6 — CAPACITANCE 
2N6515, 2N6516, 2N6517 2N6519, 2N6520 
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50 {2 Sampling Scope 
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Ic, aLLECOR CURRENT (mA) 
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— SWITCHING TIME TEST CIRCUIT 
1/2MSD7000 


FIGURE 8 — TURN-OFF TIME 
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FIGURE 10 — THERMAL RESPONSE 


NPN 2N6515 thru 2N6517, PNP 2N6519, 2N6520 
FIGURE 9 
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For PNP Test Circuit, Reverse All Voltage Polarities 
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Ic, COLLECTOR CURRENT (mA) 





2N6515, 2N6516, 2N6517 


Pulse Width ~ 100 us 


ty, te < 5.0 ns 
Duty Cycle < 1.0% 
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NPN 2N6515 thru 2N6517, PNP 2N6519, 2N6520 
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Ic, COLLECTOR CURRENT (mA) 
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Peak Pulse Power = Pp 
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BC182,A,B 
BC183 
BC184 








Ww 
io) 


CASE 29-04, STYLE 17 
- TO-92 (TO-226AA) 





Qy 1 Collector 











3 Emitter — 


AMPLIFIER TRANSISTORS 





NPN SILICON 





Refer to BC237 for graphs. 


Rating eee BC | BC] BC 
182)1 al 184 
Collector-Emitter Voltage VCEO 30 | 
Collector-Base Voltage VCBO 60 | 45 | 45 
Collector Current — Continuous a ee 
Total Device Dissipation @ TA = 25°C a 
Derate above 25°C 
Derate above 25°C ee ea 
Operating and Storage Junction TJ, Tstg | 7-55 to +150 
Temperature Range . 
THERMAL CHARACTERISTICS 
Thermal Resistance, Junction to Ambient 
Thermal Resistance, Junction to Case 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 2.0 mA, Ip = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 100 pA, Ic = 0) 
Collector Cutoff Current 
(VcB = 50 V, Veg = 0) 


MAXIMUM RATINGS 
Emitter-Base Voltage VEBO | 6.0 
Total Device Dissipation @ Tc = 25°C 
| Characteristic | Symbol _| 
Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 pA, IE = 0) 
(VcB = 30 V, VBE = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 10 pA, VcE = 5.0 V) 


(Ic = 2.0 mA, VcE = 5.0 V) 


(i¢ = 100 mA, VcE = 5.0 V) 


Collector-Emitter On Voltage (I¢ = 10 mA, IB = 0.5 mA) VCE(sat) 
(I¢ = 100 mA, Ip = 5.0 mA)* 


Base-Emitter Saturation Voltage (Ic = 100 mA, Ig = 5.0 mA)* VBE(sat) 


Base-Emitter On Voltage (I¢ = 100 vA, Vce = 5.0 V) VBE(on) 
| (Ic = 2.0 mA, VcgE = 5.0 V) 
| (ic = 100 mA, Vcg = 5.0 V)* 


*Pulse Test: Tp 300 s, Duty Cycle 2.0%. 
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BC182,A,B, BC183, BC184 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
| Characteristic | Symbot | Min | tye | Max | Unit 
DYNAMIC CHARACTERISTICS b 


Current-Gain Bandwidth Product 
(ic = 0.5 mA, VcgE = 3.0 V, f = 100 MHz) 





(Ic = 10 mA, Vcg = 5.0 V, f = 100 MHz) 


Common Base Output Capacitance 
(VcB = 10 V, Ic = 0, f = 1.0 MHz) 


Common Base Input Capacitance 
(Veg = 0.5 V, Ic = 0, f = 1.0 MHz) 


Small-Signal Current Gain 


(ic = 2.0 mA, VcE = 5.0 V, f = 1.0 kHz) BC182 
BC183 
BC184 
BC182A 
BC182B 


Noise Figure 
(Ic = 0.2 mA, VceE = 5.0 V, Rg = 2.0 k ohms, 
f = 1.0 kHz) 
(ic = 0.2 mA, VcgE = 5.0 V, Rs = 2.0 k ohms, 
f = 1.0 kHz, f = 200 Hz) 
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BC212,B_ 
BC213° 
BC214 





_ MAXIMUM RATINGS 







CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 






Total Device Dissipation @ Ta = 25°C 
Derate above 25°C . : AY 
| Total Device Dissipation @ Loe = 25°C 
Derate above 25°C 










1 Collector 











3 Emitter 


AMPLIFIER TRANSISTORS 


PNP SILICON 


Thermal Resistance, Junction to Ambient 
Thermal Resistance, Junction to Case 


_ ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted). 


Collector-Emitter Breakdown Voltage 
(Ic = —2.0 mAdc, Ip = 0) 





Refer to BC307 for graphs. 


_ BABE 
V(BR)CBO 

ae 

—45 
_ aieis! : 


nAdc 












Collector-Base Breakdown Voltage 
(Ic = —10 pA, IE = 0) 






Emitter-Base Breakdown Voltage 
(IE = —10 pAdc, Ic = 0) 









Collector-Emitter Leakage Current 
(VcBp = —30 V) 





Emitter-Base Leakage Current 
(Veg = —4.0V, Ic = 0) 






ON CHARACTERISTICS 


DC Current Gain 
(Ic = —10 wAdc, VcE = —5.0 Vde) BC212 
BC213 
BC214 


(Ic = —2.0 mAdc, Vcg = —5.0 Vdc) BC212 
BC213 
BC214 


(i¢ = —100 mAdc, Vcg = —5.0 Vdc)* BC212, BC214 
BC213 
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BC212,B, BC213, BC214 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted). 


Collector-Emitter Saturation Voltage VCE(sat) 
(l¢ = —10 mAdc, lp = —0.5 mAdc) 
(lc = —100 mAdc, Ip = —5.0 mAdc)* 

Base-Emitter Saturation Voltage VBE(sat) 
(l¢ = —100 mAdc, lp = —5.0 mAdc) 


Base-Emitter On Voltage 
(Ic = —2.0 mAdc, VcfE = -—5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain Bandwidth Product 
(Ic = —10 mAdc, VcgE = —5.0 Vdc, 
f = 100 MHz) 


Common-Base Output Capacitance 
(VcB = —10 Vdc, Ic = 0, f = 1.0 MHz) 


Noise Figure 
(IC = —0.2 mAdc, Vcg = —5.0 Vde, 
Rs = 2.0 k ohms, f = 1.0 kHz) 
(ic = —0.2 mAdc, Vcg = —5.0 Vdc, 
Rs = 2.0 k ohms, f = 1.0 kHz, f = 200 Hz) 


Small Signal Current Gain 
(Ic = —2.0 mAdc, VcgE = —5.0 Vdc, f = 1.0 kHz) 





* Pulst-test: Tp 300 s, Duty-cycle 2%. 
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BC237,A,B,C 
BC238,B,C 
BC239,C_ 


CASE 29-04, STYLE 17, 
TO-92 (TO-226AA) 


-MAXIMUM RATINGS 


ee 
| 237|238 

Vide 
50 vde 
6.0/5.0|5.0] vdeo 


Total Device Dissipation @TA = 25°C 350 mw 
Derate above 25°C 2.8 mW/°C 

Total Device Dissipation @ Tc = 25°C 1.0 Watt 
Derate above 25°C 0) 


THERMAL CHARACTERISTICS 
| Characteristic | Symbol | Max [Unit 
ReJc °cW 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) | 
[—~‘Gharasteristio [yee iY Symbol | in] ee ax | ae 
OFF CHARACTERISTICS . ; —_ 


_ Collector-Emitter Breakdown Voltage 
(Ic = 2.0 mA, IB = 0) 


Emitter-Base Breakdown Voltage 
(Il—E = 100 pA, Ic = O) 


Collector Cutoff Current 
(VCE = 30 V, VBE = 0) 



















1 Collector 


3 Emitter 





AMPLIFIER TRANSISTORS 


NPN SILICON 






BC237 
BC238 


V(BR)CEO 45 V 
25 
BC239 25 | 
BC237 V(BR)EBO 6 . V 
BC238 5 
BC239 5 
15 


0.20 nA 





























(VCE = 50 V, VBE = O) i: 
(VCE = 30 V, VBE = O) Ta = 125°C 4 LA 


(VcE = 50 V, VBE = 0) TA = 125°C 


ON CHARACTERISTICS 


DC Current Gain 
(IC = 10 pA, VcE = 5 V) 
BC237A 
BC237B/238B 
BC237C/238C/239C 


2 mA, VCE = 5 V) BC237 
BC238 
BC239 
BC237A 
BC237B/238B 
BC237C/238C/239C 


100 mA, VcE = 5 V) BC237A 
3 BC237B/238B 


BC237C/238C/239C 


Collector-Emitter On Voltage 
(Ic = 10 mA, IB = 0.5 mA) BC237/BC238/BC239 VCE(sat) 
(Ic = 100 mA, IB = 5 mA) BC237/BC239 
Base-Emitter Saturation Voltage 
(Ic = 10 mA, IB = 0.5 mA) VBE(sat) 
(Ic = 100 mA, IB = 5 mA) 
Base-Emitter On Voltage VBE(on) 
(ic = 100 vA, VcE = 5 V) 
(IC = 2 mA, VcE = 5 V) 0.55 
(Ic = 100 mA, VcE = 5 V) 
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BC237,A,B,C, BC238,B,C, BC239,C 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 0.5 mA, VcgE = 3.0 V, f = 100 MHz) 


(ic = 10 mA, VcE = 5.0 V, f = 100 MHZ) 


Collector-Base Capacitance 
(VcB = 10 V, Ic = 0, f = 1.0 MHz) 


Emitter-Base Capacitance 
(VER = 0.5V, Ic = 0, f = 1.0 MHz) 

Noise Figure 
(Ic = 0.2 mA, VcE = 5.0 V, Rg = 2.0 K ohms, 
f = 1.0 kHz) 


(Ic = 0.2 mA, Vcg = 5.0 V, Rg = 2.0 K ohms 
f = 1.0 kHz, Af = 200 Hz) 


here. NORMALIZED OC CURRENT GAIN 


fr, CURRENT GAIN BANOWIOTH PROOUCT (MHz) 


FIGURE 71 - NORMALIZED OC CURRENT GAIN 
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FIGURE 2 — "SATURATION" AND “ON” VOLTAGES 
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th. BASE SPREADING RESISTANCE (OHMS) 


BC237,A,B,C, BC238,B,C, BC239,C 


FIGURE 5 — BASE SPREADING RESISTANCE 
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BC307,B,C 
BC308C 
BC309,B 


MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage 


CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 


IS, 1 Collector 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 





3 Emitter 
THERMAL CHARACTERISTICS 


[Characteristic ————=S«’ “Symbol [Max | Unit 
Thermal Resistance, Junction to Ambient RgJA | 357, | ecw 
Thermal Resistance, Junction to Case | Rec | 125 | cw 


ReJc 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


TC haretarise | Typed Sento | Min | twp | Mx | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(I¢ = —2.0 mAdc, Ip = 0) 











AMPLIFIER TRANSISTORS 


PNP SILICON 





Emitter-Base Breakdown Voltage V(BR)EBO 
(le = —100 pAde, Ic = 0) 


Collector-Emitter Leakage Current ICES 
(VcES = —50 V, VBE = 0) 
(VcES = —30 V, VeE = 0) 


(VcES = —50V, VBE = 0) Ta = 125°C 
(VcES = —30 V, VBE = 0) Ta = 125°C 


ON CHARACTERISTICS 


DC Current Gain 
(lc = —10 pAdc, VcE = —5.0 Vdc) BC307B/309B 
BC307C/308C 


(Ic = —2.0 mAdc, VcE = —5.0 Vdc) 


BC307 
(Ii¢ = -—100 mAdc, Vcf = —5.0 Vdc) BC308C 
BC309 

BC307B/309B 

BC307C/308C 


BC307B/309B 
BC307C/308C 


Collector-Emitter Saturation Voltage 
(I¢ = —10 mAdc, Ig = —0.5 mAdc) 
(lc = —10 mAdc, Ig = see Note 1) 
(I¢ = —100 mAdc, IRB = —5.0 mAdc) 


Base-Emitter Saturation Voltage 
. (l¢ = —10 mAdc, lg = —0.5 mAdc) 
(Ii¢ = —100 mAdc, IR = —5.0 mAdc) 


Base-Emitter On Voltage 
(Ic = —2.0 mAdc, VcgE = —5.0 Vdc) 


Note 1: lc = —10 mAdc on the constant base current characteristic, which yields the point lc = —11mAdc, Vcg = —1.0V 
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BC307,B,C, BC308C, BC309,B 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise a 





Characteristic 
~ DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ii¢ = -10 mAdc, VcE = —5.0 Vdc, f = 100 MHz) BC307 280 
BC308C 320 
. oo 360 


| Common-Base Capacitance Cobo 
(VcB = —10 Vdc, Ic = 0, f = 1.0 MHz) él 


Noise Figure 
(l¢ = —0.2 mAdc, VcgE = —5.0 Vdc, 
Rs = 2.0k ohms, f = 1.0 kHz) 
(lc = —0.2 mAdc, VcE = —5.0 Vde, . 
Rs = 2.0 k ohms, f = 1 kHz, f = 200 Hz) . 





FIGURE 1— NORMALIZED OC CURRENT GAIN FIGURE 2 — “SATURATION” AND “ON” TTT 
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BC307,B,C, BC308C, BC309,B 


FIGURE 6 — BASE SPREADING RESISTANCE 
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BC327,-16,-25 
BC328,-16,-25 


MAXIMUM RATINGS | 

[ecsar | acsa8 | Unit | 
veso | 80 | a0 | vac] | CASE 29-04, STYLE 17 
VE60 TO-92 (T0-226AA) 
m 
W 











c 
c 
| =50 | Vide 
Collector Current — Continuous Ic WN 
Total Device Dissipation @ Ta = 25°C 625 WwW 1 Collector 
Derate above 25°C. . - 5.0 mWw/°C 
Total Device Dissipation @ Tc = 25°C 1.5 Watt 
Derate above 25°C . . 12 mW/°C 
Operating and Storage Junction TJ, Tstg}| —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS : 
Symbol | Max | Unit 


Thermal Resistance, Junction to Ambient RaJA 200 
Thermal Resistance, Junction to Case RgJc °C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


ee 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(ic = —10 mA, Ig = 0) ~45 
—25 


Vdc 
Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(Ic = —100 pA, Ie = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(iE = —10 pA, Ic = 0) 


Collector Cutoff Current ICBO 
(VcB = —30V, Ie = 0) 
(VcB = —20V, IE = 0) 





3 Emitter 











AMPLIFIER TRANSISTORS 


PNP SILICON 





Collector Cutoff Current ICES 
(VcE = —45V, VBE = 0) 
(VcE = —25V, Vee = 0) | 

Emitter Cutoff Current 
(Veg = —4.0V, Ic = 0) , 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = —100 mA, VcE BC327/BC328 
BC327-16/BC328-16 
BC327-25/BC328-25 
(ic = —300 mA, VcE 


FE 
Base-Emitter On Voltage VBE(on) 
(ic = —300 mA, VcE = —1.0 V) 
Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = —500 mA, Ip = —50 mA) 
SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance _= 








(VcB = —10V, IE = 0, f = 1.0 MHz) 
Current-Gain — Bandwidth Product 





(Ic = —10 mA, VcE = —5.0 V, f = 100 MHz 
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BC327,-16,-25, BC328,-16,-25 


FIGURE 1 — THERMAL RESPONSE 
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BC327,-16,-25, BC328,-16,-25 


FIGURE 6 — TEMPERATURE COEFFICIENTS 


FIGURE 7 — CAPACITANCES 
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BC337, -16, -25, -40 
BC338, -16, -25, -40 


MAXIMUM RATINGS 






a a F 
een a ee 
Total Device Dissipation @ Ta = 25°C 

Derate above 25°C 5.0 mW/°C 


Totai Device Dissipation @ Tc = 25°C 
Derate above 25°C 


12 
Temperature Range 
THERMAL CHARACTERISTICS 
| Characteristic | Symbol | Max | Unit 
[Thermal Resistance, Junction to Ambient | Raya | 200 | "CW 
Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


V(BR)CEO 
Vdc 
50 
30 
nAdc 
100 
100 
(VcE = 45 V, VBE = 0) BC337 


ICBO 
nAdc 
100 
(VceE = 25 V, Vee = 0) BC338 100 
Emitter Cutoff Current nAdc 
(VER = 4.0 V, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 100 mA, VcE BC337/BC338 
BC337-16/BC338-16 
BC337-25/BC338-25 
BC337-40/BC338-40 


CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 













Ss, 1 Collector 






3 Emitter 










AMPLIFIER TRANSISTORS 






NPN SILICON 








OFF CHARACTERISTICS 















Collector-Emitter Breakdown Voltage 
(Ic = 10 mA, Ip = 0) 








Collector-Emitter Breakdown Voltage 
(ic = 100 pA, Ig = 0) BC337 





V(BR)CES 







Emitter-Base Breakdown Voltage 
(le = 10 pA, Ic = 0) 


Collector Cutoff Current 
(Vcp = 30 V, IE = 0) 
(Vcp = 20 V, le = 0) 


Collector Cutoff Current 






























(I¢ = 300 mA, VcE 


Base-Emitter On Voltage 
(I¢ = 300 mA, VcE = 1.0 V) 


Collector-Emitter Saturation Voltage 
(ic = 500 mA, Ip = 50 mA) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcp = 10V, Ie = 0, f = 1.0 MHz) 
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- _BC337, -16, -25, -40, BC338, -16, -25, -40 


FIGURE 1— THERMAL RESPONSE 
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FIGURE 2 — ACTIVE REGION SAFE OPERATING AREA 
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Oy, TEMPERATURE COEFFICIENTS (mV/°C) 


BC337, -16, -25, -40, BC338, -16, -25, -40 


FIGURE 6 — TEMPERATURE COEFFICIENTS FIGURE 7 — CAPACITANCES 
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2 Collector 


NPN 
BC368 __ 


MAXIMUM RATINGS 
Rating ~ 


’ 1-Emitter 








Collector-Emitter Voltage — 
Collector- Emitter Voltage . 
-Emitter-Base Voltage . 

PF tc | 10 Ade 
m 


d 

d 

( d 

Collector Current — Continuous . Ic d 
WwW 

°C 





PNP i ccotector 
BC369!1! 


SS 





Base 


1 Emitter 






Total Device Dissipation @Ta = 25°C 625 

Derate above 25°C . . 5.0 mW /°C 

‘Total Device Dissipation @ Tc = 25°C 1.5 — Watt 
12 mW /°C 


Derate above 25°C 


Operating and Storage Junction — TJ, Tstg |—55 to +150 
Temperature Range 
THERMAL CHARACTERISTICS | 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 10 mA, Ip = 0) 
Collector-Base Breakdown Voltage 
(Ic = 100 pA, IE = 0) 
Emitter-Base Breakdown Voltage 
(IE = 100 vA, Ic = 0) 
Collector Cutoff Current 
(VcB = 25 V, IE = 0) 
(VcB = 25 V, Ie = 0, Ty = 150°C) 
Emitter Cutoff Current 
(VEB = 5.0 V, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain 
(VcE = 10 V, Ic = 5.0 mA) 
(VcE = 1.0 V,I¢ = 0.5 A) 
(VcE = 1.0 V, I¢ = 1.0 A) 


Bandwidth Product fT 





CASE 29-04, STYLE 14 
TO-92 (TO-226AA) 


Cc 
Cc 
Cc. 
Cc 


AMPLIFIER TRANSISTORS 








(ic = 10 mA, VcE = 5.0 V, f = 20 MHz) 

Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 1.0 A, lp = 100 mA) 

Base-Emitter On Voltage VBE(on) 
(Ic = 1.0 A, VcE = 1.0 V) 


(1) Voltage and current are negative for PNP Transistors. 
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NPN BC368, PNP BC369 


FIGURE 1 — DC CURRENT GAIN 
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FIGURE 5 — CURRENT GAIN-BANDWIDTH PRODUCT 
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FIGURE 6 — CAPACITANCE 
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BC372 
BC373 


MAXIMUM RATINGS. | 
| Rating | Symbol | 


| Collector 3 
Total Device Dissipation @ Ta = 25°C 
' Derate above 25°C 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C . 


Base 
. Eee : 
Operating and Storage Junctio Ty, Tstg -—55 to +150 °C 1 . 
Temperature Range 2 3 


THERMAL CHARACTERISTICS Emitter 1 


[Characteristic —————*d:Syrbol_ HIGH VOLTAGE DARLINGTON 
TRANSISTORS 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage* V(BR)CES Vde 

(Ic = 100 pAdc, Ip = 0) 100 
80 
Collector-Base Breakdown Voltage _—- & V(BR)CBO Vde | 
(i¢ = 100 Ade, IE = 0) | 100 
, . 80 
Emitter-Base Breakdown Voltage | V(BR)EBO Vdc 
(Ig = 10 Adc, I¢ = 0) 

Collector Cutoff Current be — -IcBo nAdc 
(Vcg = 80 Vdc, IE = 0) 100 . 
(VcBg = 60 Vdc, Ig = 0) 100 

Emitter Cutoff Current nAdc 
(Veg = 10V, Ic = 0) | 


ON CHARACTERISTICS* 


DC Current Gain . 
(Ic = 250 mAde, Vcg = 5.0 Vdc) 
(I¢ = 100 mAdc, VcgE = 5.0 Vdc) 


Collector-Emitter Saturation Voltage 
(I¢ = 250 mAdc, Ig = 0.25 mAdc) 











CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 




















_ DYNAMIC CHARACTERISTICS 


Current-Gain Bandwidth Product a 


(ic = 100 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 
Output Capacitance 


(Vcpg = 10 Vdc, Ie = 0, f = 1.0 MHz) 


Noise Figure 
~ (I¢ = 1.0 mAdc, Vcg = 5.0 Vdc, Rg = 100 k ohm, f = 1.0 kHz) 


*Pulse Test: Pulse Width = 300 us, Duty Cycle 2.0%. 
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hee, OC CURRENT GAIN 


{t, CURRENT GAIN BANDWIDTH PRODUCT (MHz) 


BC372, BC373 
























FIGURE 1 — DC CURRENT GAIN FIGURE 2 — ‘SATURATION’ AND “ON” VOLTAGES 
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FIGURE 3 — CURRENT GAIN BANDWIDTH PRODUCT FIGURE 4 — CAPACITANCES 














06 1 100 600 01 10 100 
Ic, COLLECTOR CURRENT (mA) Vr, REVERSE VOLTAGE (VOLTS) 


aS (G2) ai & SSE Se A a [TTY yy] 
io ae 
mment aoe Sao oe rea 
an Poo toot AHH 
tim ta tH 
ee GeAilt a Ce ea Gs | ee Se ~ 
ttt 11 ns = 
$——-4 Lu =a 
UL Havana : hina 
at 
100 4 —T actil aN E 2 
Si ire Saas aon es ll 6st mer ttt 4 HA = 
S981 = 21 SG a a en oa = 
a as a 
+4 = oO 
Ss 








MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


2-81 





















BC450,A 


MAXIMUM RATINGS 


Rating 
Collector-Emitter Voltage 


Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current — Continuous Ss 1 Collector 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 





CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 











3 Emitter 


HIGH VOLTAGE TRANSISTORS 


PNP SILICON 





Refer to MPS8598 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
a 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage* 
(lc = —1.0 mAdc, Ig = 0) 


Collector-Base Breakdown Voltage 
(Ic = —100 pA, Ie = 0) 


Emitter-Base Breakdown Voltage 
(l—E = —10 wAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = —80 Vdc, IE = 0) 


ON CHARACTERISTICS* 
DC Current Gain 
(I¢ = —2.0 mA, VcE = —5.0 V) 


(Ic = —10 mA, Vcg = —5.0 V) 


(Ic = —100 mA, VcE = —5.0 V) 


| Collector-Emitter Saturation Voltage 
(Il¢ = —100 mAdc, Ip = —10 mAdc) 


Base-Emitter Saturation Voltage 
(i¢ = —100 mAdc, IR = —10 mAdc) 


Base-Emitter On Voltage 
(Ic = —2.0mA, Vce = —5.0 V) 
(i¢ = —100 mA, VcE = —5.0 V)* 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = —50 mAdc, Vcg = —5.0 Vdc, f = 100 MHz) 


*Pulse Test: Pulse Width < 300 us, Duty Cycle 2.0%. 
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BC489,A,B 


MAXIMUM RATINGS 


[CRating’ ——~S~*r*C*Symbor | Value | Unit 
| CollectorEmitter Voltage | ceo | 80 
| Collector-Base Voltage | Ves | 8 
Emitter-Base Voltage 










CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 


Sy, 1 Collector 
2 
Base 
1 
2 
3 











Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 






Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 








3 Emitter 


THERMAL CHARACTERISTICS 








HIGH CURRENT TRANSISTORS 


NPN SILICON 


Thermal Resistance, Junction to Ambient R@JA 
Thermal Resistance, Junction to Case Re@JC 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage* V(BR)CEO Vdc 
(ic = 10 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 pAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(l_E = 10 »Adc, Ic = 0) 
Collector Cutoff Current ICBO 
(Vcp = 60, Vdc — Ig = 0) 
ON CHARACTERISTICS* 


DC Current Gain 
(Ic = 10 mAdc — Vcg = 2.0 Vdc) 
(I¢ = 100 mAdc — Vcg = 2.0 Vdc) 





Refer to MPSA0O5 for graphs. 





















(I¢ = 1.0 Ade — Vcg = 5.0 Vdc)* 


Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 500 mAdc — Ig = 50 mAdc) 
(I¢ = 1.0 Adc — Ig = 100 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 500 mAdc, Ig = 50 mAdc) 
(I¢ = 1.0 Adc — Ig = 100 mAdc)* 


DYNAMIC CHARACTERISTICS 














Output Capacitance Cob 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cib 
(VER = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


*Pulse Test — Pulse Width = 300 us — Duty Cycle 2%. 


Current-Gain — Bandwidth Product fT 
(I¢ = 50 mAdc, Vcg = 2.0 Vde, f = 100 MHz) 
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BC490,A,B 


MAXIMUM RATINGS 


CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 


S 1 Collector 





Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 









3 Emitter 


HIGH CURRENT TRANSISTORS 


PNP SILICON 












Characteristic 
Thermal Resistance, Junction to Ambient 
Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbot | Min | Typ | Max | Unit _| 


Refer to MPSA55 for graphs 
in MPSA05 data sheet. 


OFF CHARACTERISTICS 








Collector-Emitter Breakdown Voltage* V(BR)CEO  Vde 
(Ic = —10 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = —100 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = —10 wAdc; Ic = 0) 

Collector Cutoff Current ICBO nAdc 
(VcB = —60 Vdc — Ig = 0) 

ON CHARACTERISTICS* 


DC Current Gain 
(Ic = —10 mAdc — Vcg = —2.0 Vdc) 
(I¢ = —100 mAdc — Vcg = -—2.0 Vdc) BC490 
BC490A 
BC490B 






(ic = —1.0 Ade — Voce = —5.0 Vde) 


Collector-Emitter Saturation Voltage 
(Ic = -—500 mAdc, Ip = —50 mAdc) 
(Ic = —1.0 Adc, Ig = — 100 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = —500 mAdc, Ip = —50 mAdc) 
(Ic = —1.0 Adc, lg = —100 mAdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic =. —50 mAdc, VcgE = —2.0 Vdc, f = 100 MHz) 





Output Capacitance 
(VcB = —10 Vdc, Ig = 0, f = 1.0 MHz) 


Input Capacitance 





(VEg = —0.5 Vdc, Ic = 0, f = 1.0 MHz) 
*Pulse Test — Pulse Width = 300 us — Duty Cycle 2%. 
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BC517 











MAXIMUM RATINGS 


ae a ce 
[colstor Bese Vottoys Vga 
[EmiterBese Voltage Si 

ae 


CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 














Collector 1 


Collector Current — Continuous 


Total Power Dissipation Ta = 25°C 
Derate above 25°C 


VCB 
VEB 
Ic 
Total Power Dissipation Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Ambient Re@JA 
Thermal Resistance, Junction to Case RgJc 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


PSC arncerntic | Smbot [win | tw Max | Unt 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 2.0 mAdc, Vege = 0) 








Emitter 3 










DARLINGTON TRANSISTORS 


NPN SILICON 





Refer to 2N6426 for graphs. 


Collector-Base Breakdown Voltage 
(ic = 10 wAdc, Ie = 0) 


Emitter-Base Breakdown Voltage 
(le = 100 nAdc, Ic = 0) 


Collector Cutoff Current 
(VceE = 30 V) 


Collector Cutoff Current 
(VcB = 30 Vdc, IE = 0) 
Emitter Cutoff Current 

VeB = 10 Vdc, Ic = 0) 
ON CHARACTERISTICS (1) 


DC Current Gain | 
(I¢ = 20 mAdc, VcE = 2.0 V) 


Collector-Emitter Saturation Voltage 
(I¢ = 100 mAdc, !p = 0.1 mAdc) 


Base-Emitter On Voltage 
(Ic = 10 mAdc, Vcg = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product (2) 








(ic = 10 mAdc, Vcg = 5.0 Vdc, f = 100 MHz) 


(1) Pulse Test Pulse Width < 2.0%. 
(2) fr = {hfel © ftest 
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BC546, A, B 
BC547, A, B, C 
BC548, A, B, C 


CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Sc 
546/547/548 

[Collector-Base Voltage | Vcpo__| 80[s0|30| vie | 
|Emitter-Base Voltage | Vepo | 6.0 | vdeo | 
Collector Current — Continuous ic | == 100 =| mAde_ | 


100 
Total Device Dissipation @ TA = 25°C 625 mW 
Derate above 25°C 5.0 mW/°C 
1:5 
12 
















SS 


1 Collector 
soe 
Base Ky 


3 Emitter 






Total Device Dissipation @Tc= 25°C Watt 
Derate above 25°C mW /°C 


| Operating and Storage Junction TJ, Tstg |-55 to +150 "C 
Temperature Range 


THERMAL CHARACTERISTICS 
20 a 













AMPLIFIER TRANSISTORS 


NPN SILICON 


Thermal Resistance, Junction to Ambient 
Thermal Resistance, Junction to Case °C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[Characteristic «dS Symbot [win ty Mx | Ont 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 65 
(ic = 1.0 mA, Ip = 0) 45 
30 

Collector-Base Breakdown Voltage ViBR)CBO 80 
(Ic = 100 wAdc) 50 
30 

6.0 

6.0 

6.0 














Emitter-Base Breakdown Voltage V(BR)EBO 
(Ig = 10 nA, Ic = 0) 


Collector Cutoff Current 
(VcE = 70 V, Veg = 0) BC546 
(VcE = 50 V, Vee = 0) BC547 
(VcE = 35 V, Vee = 0) BC548 
(VcE = 30 V, Ta = 125°C) BC546/547/548 


ON CHARACTERISTICS 


DC Current Gain hre 
(Ic = 10 pA, Vege = 5.0 V) BC546A/547A/548A 
. : “' BC546B/547B/548B : 
BC548C 
(Ic = 2.0 MA, VcE = 5.0 V) BC546 — 
BC547 
BC548 
BC546A/547A/548A 
. BC546B/547B/548B 
BC547C/BC548C 
100 mA, VcE = 5.0 V) BC546A/547A/548A 
BC546B/547B/548B 
BC548C 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 10 mA, Ip = 0.5 mA) 
(ic = 100 mA, Ip = 5.0 mA) 
(Ic = 10 mA, Ip = See Note 1) 


Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 10 mA, Ig = 0.5 mA) 
Base-Emitter On Voitage 


(Ic = 2.0 MA, VcE = 5.0 V) 
(Ic = 10 mA, VcE = 5.0 V) 


NOTE 1: lp is value for which Ic = 11 mA at Vcg = 1.0 V. 
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BC546, A, B, BC547, A, B, C, BC548, A, B, C 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain Bandwidth Product 
(I¢ = 10 mA, VcgE = 5.0 V, f = 100 MHz) BC546 
BC547 
BC548 


Output Capacitance 
(VcB = 10 V, Ic = 0, f = 1.0 MHz) 


Input Capacitance 
(VER = 0.5 V, Ic = 0, f = 1.0 MHz) 





Smali-Signal Current Gain 
(Ic = 2.0 mA, VcgE = 5.0 V, f = 1.0 kHz) BC546 
BC547/548 
BC546A/547A/548A 
BC546B/547B/548B 
BC547C/548C 


Noise Figure 
(Ic = 0.2 mA, VcE = 5.0 V, Rg = 2 kohms, BC546 
f = 1.0 kHz, Af = 200 Hz) BC547 
BC548 





FIGURE 1 — NORMALIZED DC CURRENT GAIN FIGURE 2 — “SATURATION” AND “ON” VOLTAGES 
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C CAPACITANCE (pF) 
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FIGURE 8 — “ON” VOLTAGE 
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C, CAPACITANCE (pF) 
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BC549B,C 
BC550B,C 


CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 


a Rating RATINGS 


Collector-Emitter .... ae VCEO 
Collector-Base Voltage. VCBO 
Emitter-Base Voltage 


| . 1 Collector 
Collector Current — Continuous SY . 


Total Device Dissipation @TA = 
Derate above 25°C — 


Total Device Dissipation @Tc = 
Derate above 25°C 
3 Emitter 





THERMAL CHARACTERISTICS 


Symbol 
Thermal Raxistance. Junction to Ambient 
Thermal Resistance, Junction to Case 83.3 ecw 









LOW NOISE TRANSISTORS | 


NPN SILICON 





aL 














































ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) ’ 
Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 10 mAdc, lp = 0) BC549B,C 
BC550B,C 
Collector-Base Breakdown Voltage ViBR)CBO 
(I¢ = 10 pAdc, le = 0) BC549B,C 
BC550B,C 
V(BR)EBO 
(Ie = 10 pAdc, Ic = O) 
Collector Cutoff Current ICBO 
(VcB = 30 Vdc, IE = O) nAdc 
(VcB = 30 Vdc, If = 0,TA + 125°C) ywAdc 
ON CHARACTERISTICS 
DC Current Gain 
| (Ic = 10 pAdc, VcE = 5 Vdc) 8C549B/550B 100 
BC549C/550C 100 
BC549C/550C 420 
Collector-Emitter Saturation Voltage VCE (sat) 
(Ic = 10 mAdc, Ip = 0.5 mAdc) 
(Ic = 10 mAdc, IB = see note 1) 
(IC = 100 mAdc, |B = 5 mAdc, see note 2) 
Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 100 mAdc, IB = 5 mAdc) 
Base-Emitter On Voltage VBE(on) 
100 pAdc, VCE = 5 Vdc) 
2 mAdc, VCE = 5 Vdc) 
SMALL SIGNAL CHARACTERISTICS 
Current-Gain-Bandwidth Product 


Characteristic Symbol_| Min_[ Typ | Max | Unit 
OFF CHARACTERISTICS 
Emitter-Base Breakdown Voltage 
Emitter Cutoff Current lEBO nAdc 
(VEB = 4 Vdc, Ic = O) 
(Ilo = 2 mAdc, Vcog = 5 Vdc) BC549B/550B 200 
(Ic = 10 pAdc, VcE = 5 Vdc) 
(Ic = 10 mAdc, VcE = 5 Vdc, f = 100 MHz) 





Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


Note 1: Ip is value for which Ic = 11 mA at VCE =1V Note 2: Pulse test = 300 us — Duty See = 2% 
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hee, NORMALIZED OC CURRENT GAIN 


BC549B,C, BC550B,C 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


Small-Signal Current Gain 
(Ic = 2.0 mAdc, Vcg = 5.0 V, f = 1.0 kHz) 


BC549B/BC550B 


BC549C/BC550C 


Noise Figure 
(Il¢ = 200 wAdc, Vcge = 5.0 Vde, Rg = 2.0 kO, f = 1.0 kHz) 
(I¢ = 200 »Adc, Vcge = 5.0 Vde, Rs = 100 kf, f = 1.0 kHz) 





FIGURE 1 — TRANSISTOR NOISE MODEL 





FIGURE 2 — NORMALIZED DC CURRENT GAIN 
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BC549B,C, BC550B,C 


FIGURE 4 — CURRENT-GAIN BANDWIDTH PRODUCT 









| FIGURE 5 — CAPACITANCE 
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FIGURE 6 — BASE SPREADING RESISTANCE 
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BC556,A,B 
BC557,A,B,C 
BC558B 


CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 
|Rating =| Symbol | B56 | BC557 
[cotlectorsminervotage | Veo | -65 | 45 | -20 | vac | 
Fcollector-Base Votage ‘| Veao | 20 | -s0 | -30 | vee 
FemiterBase Vonage ——+| Vepo | —-50———=*d:i«e 
Total Device Dissipation @ Ta = 25°C mW 
Derate above 25°C 5.0 . 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 











S 1 Collector 







Operating and Storage Junction 
Temperature Range 


3 Emitter 






THERMAL CHARACTERISTICS 


Characteristic 


AMPLIFIER TRANSISTORS 


PNP SILICON 


Thermal Resistance, Junction to Ambient R@JA 
Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = —2.0 mAde, Ig = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = —100 Adc) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(le = —100 wAdc, Ic = 0) 


Collector-Emitter Leakage Current ICES 
(VcES = —40V) . 
(VcES = —20 V) 
(VCES = —20V, Ta = 125°C) 








ON CHARACTERISTICS 


DC Current Gain 

(Ic = —10 wAdc, Vcg = —5.0 V) BC556A/557A 
BC556B/557B/558B 
BC557C 

(Ic = —2.0 mAdc, Vcge = —5.0 V) BC556 
BC557 
BC558 
BC556A/557A 
BC556B/557B/558B 
BC557C 

(l¢ = —100 mAdc, VceE = —5.0 V) BC556A/557A 
BC556B/557B/558B 
BC557C 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = —10 mAdc, Ip = —0.5 mAdc) 
(I¢ = —10 mAdc, lg = see Note 1) 
(I¢ = —100 mAdc, IRB = —5.0 mAdc) 


NOTE 1: lc = —10 mAdc on the constant base current characteristics, which yields the point lc = —11 mAdc, Vcgp = —1.0 V. 
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BC556,A,B, BC557,A,B,C, BC558B 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbol | Min | typ | Max | Unit _| 





ON CHARACTERISTICS (continued) 


Base-Emitter Saturation Voltage VBE(sat) 
(Ic = —10 mAdc, lg = —0.5 mAdc) 
(I¢ = —100 mAdc, Ip = —5.0 mAdc) . 


Base-Emitter On Voltage 
(I¢ = —2.0 mAdc, VcgE = —5.0 Vdc) 
(Ic = —10 mAdc, Vcg = —5.0 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain Bandwidth Product 
(I¢ = —10 mA, VcgE = —5.0 V,f = 100 MHz) = BC556 
BC557 © 
BC558 





Output Capacitance 
(Vcp = —10V, Ic = 0, f = 1.0 MHz) 


Noise Figure 
(l¢ = —0.2 mAdc, VcE = —5.0 V, 
Rs = 2k ohms, f = 1.0 kHz, Af = 200 Hz) 


Smaill-Signal Current Gain 
(Ic = —2.0 mAdc, Vce = —5.0V,f = 1.0 kHz) BC556 
BC557/558 
BC556A/557A 
BC556B/557B/558B 
BC557C 
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BC556,A,B, BC557,A,B,C, BC558B 


BC557/BC558 


FIGURE 1 — NORMALIZED DC CURRENT GAIN 
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FIGURE 3 — COLLECTOR SATURATION REGION 
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FIGURE 5 — CAPACITANCES 
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FIGURE 2 — “SATURATION” AND “ON” VOLTAGES 
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FIGURE 4 — BASE EMITTER TEMPERATURE COEFFICIENT. 
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FIGURE 6 — CURRENT GAIN—BANDWIDTH PRODUCT 
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BC556,A,B, BC557,A,B,C, BC558B 


FIGURE 7 — DC CURRENT GAIN 
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FIGURE 9 — COLLECTOR SATURATION REGION 
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FIGURE 11 — CAPACITANCE 
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FIGURE 8 — “ON” VOLTAGE 
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FIGURE 10 — BASE EMITTER TEMPERATURE COEFFICIENT 
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FIGURE 12 — CURRENT GAIN—BANDWIDTH PRODUCT 
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BC556,A,B, BC557,A,B,C, BC558B 


FIGURE 13 — THERMAL RESPONSE 
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FIGURE 14 — ACTIVE REGION SAFE OPERATING AREA 
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The safe operating area curves indicate Ic-VcE limits of the transistor that must be observed for reliable 
operation. Collector load lines for specific circuits must fall below the limits indicated by the applicable curve. 


The data of Figure 14 is based upon TJj(pk)=150°C; Tc or Ta is variable depending upon conditions. Pulse curves are 
valid for duty cycles to 10% provided TJ(pk)S150°C. TJ (pk) may be calculated from the data of Figure 13. At high 
case or ambient temperatures thermal limitations will reduce the power that can be handled to values less than the limita- 
tions imposed by the secondary breakdown. 
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BC559, B, C 
BC560, B, C 


CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Emitter-Base Voltage VEBO | 50 | Vde 
Collector Current — Continuous 


Ss 1 Collector 


Total Device Dissipation @ Ta = 25°C 

Derate above 25°C 
Total Device Dissipation @ Tc = 25°C 

Derate above 25°C 


THERMAL CHARACTERISTICS 


[Characteristic ————|_‘Symbol | Max 
Thermal Resistance, Junction to Ambient 
Thermal Resistance, Junction to Case RaJc } 83.3 °C/W 


ELECTRICAL CHARACTERISTICS (Ta, = 25°C unless otherwise noted.) 


3 Emitter 





LOW NOISE TRANSISTORS 


PNP SILICON 





[Characters (Smt | in | tw em | Onn 


OFF CHARACTERISTICS 













Collector-Emitter Breakdown Voltage 
(Ic = —10 mAdc, ig = 0) 










V(BR)CEO Vde 
. — 30 
—~45 
Collector-Base Breakdown Voltage V(BR)CBO 
(I¢ = —10 wAde, Ip = 0) . 


| Emitter-Base Breakdown Voltage (le = -104Adcic=0) | Vipryewo | -5 | — | — | 
a eee a ae 












Collector Cutoff Current (Vcg = —30 Vdc, IgE = 0) ICBO 


(VcB = —30 Vdc, IE = 0, Ta = +125°C) 


Emitter Cutoff Current (Veg = —4.0 Vde, Ic = 0) | leBo | 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = —10 pAdc, Vce = —5.0 Vdc) BC559B/560B 
BC559C/560C 
(lc = ~—2.0 mAdc, Vce = —5.0 Vdc) . BC559B/560B 
BC559C/560C 
BC559/560 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = —10 mAdc, Ip = —0.5 mAdc) 
(Ic = —10 mAdc, IB = see note 1) 
(I¢ = —100 mAdc, Ip = —5.0 mAdc, see note 2) 


Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = —100 mAdc, Ip = —5.0 mAdc) 


Base-Emitter On Voltage 
(Ic = —10 wAdc, Vce = —5.0 Vdc) 
(Ic = —100 pAdc, VcE = —5.0 Vdc) 
(Ic = —2.0 mAdc, VcE = —5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = —10 mAdc, Vcge = —5.0 Vde, f = 100 MHz) 












Collector-Base Capacitance 
(VcB = —10 Vdc, le = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(Ic = —2.0 mAdc, Vce = —5.0 V,f = 1.0 kHz) BC559B/BC560B 
BC559C/BC560C 


Noise Figure 
(Ic = —200 wAdc, Vege = —5.0 Vde, Rg = 2.0 kO, f = 1.0 kHz) 
(Ic = —200 pA, VceE = —5.0 V, Rs = 100 kO, f = 1.0 kHz, Af = 200 Hz) 


Note 1: !g is value for which Ic = —11 mA at Vcge = —1.0V ; > Note 2: Pulse test = 300 us — Duty cycle = 2%. 
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hee, NORMALIZED DC CURRENT GAIN 


fy, CURRENT GAIN — BANOWIDTH PRODUCT (MHz) 


BC559, B, C, BC560, B, C 


FIGURE 1 — NORMALIZED DC CURRENT GAIN FIGURE 2 — “SATURATION” AND “ON” VOLTAGES 
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FIGURE 5 — BASE SPREADING RESISTANCE 





Vcp = —10V 
f = 1.0 KHz 
Ta = 26°C 


Ih, BASE SPREADING RESISTANCE (Qhms) 








20 
-0.1 — 0.2 — 05 =10 — 2.0 — 5.0 — 10 
Ic, COLLECTOR CURRENT (mAdc) 
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BC618_ 


‘MAXIMUM RATINGS - | 








CASE 29-04, STYLE 17 
_ TO-92 (TO-226AA) 


a oe 
[GolectorEmiter Votage Sieg | 8 
[colector Base Voltage ~~ Vcpo | | 
v 
A 


dc 
dc 
dc 
ae 
Total Device Dissipation @ Ta = 25°C | PD | 
Derate above 25°C 
°C 


Collector 1 


SS 











le aca 
ae ae 
| ame 
Total Device Dissipation @ Tc = 25°C ears 
Derate above 25°C mW/°C 
Temperature Range 
THERMAL CHARACTERISTICS 





Emitter 3 


DARLINGTON TRANSISTORS 


NPN SILICON 





Refer to 2N6426 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) - 


| Characteristic | Symbol | Min | Typ | Max | Unit _| 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 10 mAdc, Vee = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(I¢ = 100 wAdc, IE = 0) . 

Emitter-Base Breakdown Voltage V(BR)EBO 
(Ig = 10 wAdc, Ic = 0) | : 

Collector Cutoff Current ICES 
(VcE = 60 Vdc, VBE = 0): 

Collector Cutoff Current 7 ICBO 
(VcR = 60 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = 10 Vdc, Ic = 0) 

ON CHARACTERISTICS - | ; 

Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 200 mA, Ip = 0.2 mA) 


Base-Emitter Saturation Voltage . VBE(sat) 
(Ic = 200 mA, Ig = 0.2 mA) 


Current Gain 
(Ic = 100uA, Vce = 5.0 V) 
(Ic = 10 mA, Vcg = 5.0 V) 
— (I¢ = 200 mA, VcE = 5.0 V) 
(ic = 1.0 A, VcE = 5.0 V) | 


DYNAMIC CHARACTERISTICS 





Current-Gain — Bandwidth Product 
— (I¢ = 500 mA, Veg = 5.0 V, P = 100 MHz) 


(Vcg = 10V, Ie = 0, f = 1.0 MHz) 


Input Capacitance 
(VeB = 5.0 V, IE = 0, f = 1.0 MHz) 





NFE 
| 
- Output Capacitance 
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BC635 
BC637 
BC639 


CASE 29-04, STYLE 14 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


ST 

635|637|639 

| Collector-Emitter Voltage | ceo | 45/60/80] vac 

[Collector-Base Voltage | ceo [45/60/80] vac 

[Emitter-Base Voltage | Vewo | 5.0 | Vdc 

[Collector Current = Continuous | ic =| 88 Ade 
mM 


5.0 d 

d 

Total Device Dissipation @Ta = 25°C 625 W 

Derate above 25°C 5.0 mW /°C 

Total Device Dissipation @ Tc = 25°C 1.5 Watt 
Derate above 25°C 12 mW /°C. 


Operating and Storage Junction Ty, Tstg | 755 to +150 re 
Temperature Range 


THERMAL CHARACTERISTICS 
| Max | Unit 


Thermal Resistance, Junction to Ambient R@JA 
Thermal! Resistance, Junction to Case Rec 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


ee 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage* V(BR)CEO Vde 
(I¢ = 10 mAdc, Ip = 0) 45 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 100 Adc, Ig = 0) 4 


80 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(le = 10 pAdc, Ic = 0) 
Collector Cutoff Current . 
100 nAdc 
10 ' pAdc 




















YY 2 Collector 








1 Emitter 





HIGH CURRENT TRANSISTORS 


NPN SILICON 





(VcB = 30 Vdc, ig = 0, 
(VcB = 30 Vdc, IE = 0, Ta = 125°C) 


ON CHARACTERISTICS* 


DC Current Gain hFE 
(I¢ = 5.0 mAdc, VcE = 2.0 Vdc) 
(i¢ = 150 mAdc, VcE = 2.0 Vdc) 
(i¢ = 500 mA, VcE = 2.0 V) : 





Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 500 mAdc, Ip = 50 mAdc) 


Base-Emitter On Voltage VBE(on) 
(I¢ = 500 mAdc, VcE = 2.0 Vdc) | 


DYNAMIC CHARACTERISTICS ar 

Current-Gain Bandwidth Product fT 
(I¢ = 50 mAdc, VcE = 2.0 Vdc, f = 100 MHz) 

Output Capacitance ob 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance Cib 
(VeB = 0.5 Vde, Ic = 0, f = 1.0 MHz) 


*Pulse Test: Pulse Width < 300 us, Duty Cycle 2.0%. 
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BC635, BC637, BC639 
FIG. 1 — ACTIVE REGION SAFE OPERATING AREA FIG. 2— DC CURRENT GAIN 
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BC636 
BC638 
BC640 


CASE 29-04, STYLE 14 
TO-92 (TO-226AA) 


NI 2 Collector 


MAXIMUM RATINGS 


[olecormiter vatage | Voz | a5 | -00 | -c0 | 
[collector Base Voge | Vogo | 5 | 60 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Symbol 
Thermal Resistance, Junction to Ambient Re@JA 
Thermal Resistance, Junction to Case ReJc 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) : 


[haters Symbt | in |p Un 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage* V(BR)CEO 
(I¢ = —10 mAdsc, Ip = 0) —45 
—60 
—80 

Collector-Base Breakdown Voltage V(BR)CBO 
(I¢ = —100 wAdc, Ig = 0) — 45 
—60 
—80 


Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = —10 pAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = —30 Vdc, IE = 0) 
(VcB = —30 Vdc, Ig = 0, Ta = 125°C) 


ON CHARACTERISTICS* 


DC Current Gain 
(Ic = —5.0 mAdc, VcE = —2.0 Vdc) 
(Ic = —150 mAdc, VcE = —2.0 Vdc) 




















1 Emitter 







HIGH CURRENT TRANSISTORS 


PNP SILICON 








(Ic = —500 mA, VcE = —2.0 V) 


Collector-Emitter Saturation Voltage 
(I¢ = —500 mAdc, lg = —50 mAdc) 


Base-Emitter On Voltage 
(Ic = —500 mAdc, VcE = —2.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = —50 mAdc, VcgE = —2.0 Vde, f = 100 MHz) 





Output Capacitance 


(VcB = —10 Vde, IE = 0, f = 1.0 MHz) 


Input Capacitance 
(VERB = —0.5 Vdc, Ic = 0, f = 1.0 MHz) 


*Pulse Test: Pulse Width < 300 us, Duty Cycle 2.0%. 
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BC636, BC638, BC640 

































FIG.1— ACTIVE REGION SAFE OPERATING AREA FIG. 2— DC CURRENT GAIN 
7S =a ° PT, AAA 
ed a ee as plc) Noe Sta | On lll 
2 face ee CETL STON LE 
2 eg "OT Hae tl 
Sf ae See ess ae Te 
> CEapenis reese Diet OOS fed ND ee ER = — Beaall 
« —20 ba pe PN gg SS es a = 
2 fits oeentill eee 
2 ae mann 
SE 
— 2.0 
ae Ee i imal 





—10  —20 —30—40-50—70 —10 —2 —30-40 50-70 —100 
Veg COLLECTOR EMITTER VOLTAGE (VOLTS) —10 —3.0 —5.0 —10 —30 -50 —100 —300 —500 — 1000 
| 3 ic COLLECTOR CURRENT (mA) 


FIG. 3-—— CURRENT GAIN BANDWIDTH PRODUCT | 
FIG. 4— “SATURATION” AND “ON” VOLTAGES 


500 





—10 















= 

7 AI SEH emo 
—08 

: HE te UE HH CT ae = 

fon) 

= 1 Tt] [Teri I IIN anne HH 

x = 

a y LT N _ 08 

: SENS vom ~20" ail : 

= a = 

Fan ere Ga CE Gl ES SC eh A CN OW 9 Pat 

= 2 en rae 04 

a FHT el oa Fe ees |e San < 

z a4 ae OORT = 

= 55 Ao MBER! NTT > 

aS Rati oe EUS EE ee celta ENT > 92 

= | tT tial TE LT ELT 

fo ag 

— 

: PST TnI TT a 

= 2 7 ee go . —100 — 1000 

—1.0 —10 — 100 — 1000 


Ic , COLLECTOR CURRENT (mA) 
Ic COLLECTOR CURRENT (mA) 


FIG. 5 — TEMPERATURE COEFFICIENTS 


rn eR ll 
Se eer eal 
a ae ll 
PL [ves mayors TEE AT 
pase | TUTTE 
ll 
alll 
eee tit LTH Et ET 
2 ee on ol 


—10 —3.0 -50 —-10 —30 -50 -100 —300 —500 — 1000 
I, COLLECTOR CURRENT (mA) 


—0.2 






(mV/°C) 








— 10 









— 16 


6, TEMPERATURE COEFFICIENTS 





MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


2-104 


MAXIMUM RATINGS 


[value Unit] 
ic | =s00 | made 


THERMAL CHARACTERISTICS 
[Mex [Unit 
mW 


Total Device Dissipation FR-5 Board,* 
TA = 25°C 
Derate above 25°C mW/°C 


Thermal Resistance Junction to Ambient ReJA | 556 | ecw CS 






BC807-16LT1 
BC807-25LT1 
BC807-40LT1 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 























3 Collector 





x: 
| 
1 


Total Device Dissipation mW 2 






Alumina Substrate,** Ta = 25°C 2 Emitter 








Derate above 25°C mWwW/PC 


225 

1.8 

300 

2.4 
Thermal Resistance Junction to Ambient Rg@JA °C/W 
Junction and Storage Temperature Ty, Tsta —55 to +150 


*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


DEVICE MARKING 
BC807-16LT1 = 5A; BC807-25LT1 = 5B; BC807-40LT1 = 5C 


GENERAL PURPOSE 
TRANSISTORS 





PNP SILICON 








ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol [| Min | Typ | Max | Unit _ 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage (Ic = —10 mA) V(BR)CEO a ee ee ee ee ee 


Collector-Emitter Breakdown Voltage V(BR)CES V 
(Veg = 0, Ic = —10 pA) 
Emitter-Base Breakdown Voltage (lp = —1.0 uA) V(BR)EBO F-26621 


Collector Cutoff Current ICBO 
(VcB = —20V) 
(VcB = —20V, Ty = 150°C) 


ON CHARACTERISTICS 


DC Current Gain hee 
(Ic = ~—100 mA, VcE BC807-16 
BC807-25 
BC807-40 
(Ic = —500 mA, VcE 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = —500 mA, Ip = —50 mA) 

Base-Emitter On Voltage VBE(on) 
(Ic = —500 mA, Ip = —1.0 V) 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product Pe i 














(Ic = —10 mA, Vce = —5.0 Vdc, f = 100 MHz) 





Output Capacitance 
(VcB = —10V, f = 1.0 MHz) 


Note: “LT1” must be used when ordering SOT-23 devices. 
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MAXIMUM RATINGS © 
ee Rating . 
Collector-Emitter Voltage 

















Collector-Base Voltage 


fe MGROr fe Abe pW 
| Veeo | 50 | 


V 
V 


Collector Current — Continuous Ic 


THERMAL CHARACTERISTICS 


| Unit | 
| mW 


Total Device Dissipation FR-5 Board,* 225 
Ta = 25°C 
Derate above 25°C . 


Thermal Resistance Junction to Ambient RajA 


1B 
Total Device Dissipation 300 mw 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 2.4 mW/°C 
Thermal Resistance Junction to Ambient R@JA 


Junction and Storage Temperature Ty, Tste —55 to +150 


*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


DEVICE MARKING 


BC817-16LT1 = 6A; BC817-25LT1 = 6B; BC817-40LT1 = 6C 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 








Te ace 


BC817-16LT1 
BC817-25LT1__ 
BC817-40LT1 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 


3 Collector 


2 Emitter | 


_ GENERAL PURPOSE 
TRANSISTORS 


NPN SILICON 








OFF CHARACTERISTICS : | 






Collector-Emitter Breakdown Voltage (Ic = —10 mA) V(BR)CEO a ee ee ie 
V 


Collector-Emitter Breakdown Voltage . . V(BR)CES 
(Veg = 0, Ic = —10 pA) 


Emitter-Base Breakdown Voltage (IE = —1.0 A) | V(BR)EBO 


Collector Cutoff Current 
(VcB = 20 V) 
(VcB = 20 V, Ta = 150°C) 


ON CHARACTERISTICS 


DC Current Gain . . hFE 
(Ic = 100 mA, VcE -BC817-16 
BC817-25 | 
BC817-40 
(Ic = 500 mA, VcE 


Base-Emitter On Voltage 
(Ic = 500 mA, VcE = 1.0 V) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(IC = 10 mA, VcE = 5.0 Vde, f = 100 MHz) 


Output Capacitance 
(VcB = 10 V, f = 1.0 MHz) 


Note: “LT1’’ must be used when ordering SOT-23 devices. 
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MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO | 45 | 30 | 
0 














Eni ss 
[colletorBase Vatage | Veg | 80 | 50 | 30 
[Emiter-Base Voitage —~(| Ven | 60 | 60 | 50 

0 | 100 


> 
al cee 
rs) 


Total Device Dissipation FR-5 Board,* 
Ta = 25°C 
Derate above 25°C 






Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 


Thermal Resistance Junction to Ambient 
Junction and Storage Temperature 


*FR-5 = 1.0 x 0.75 x 0.062 in. **Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 
DEVICE MARKING 


BC846ALT1 = 1A; BC846BLT1 = 1B; BC847ALT1 = 1E; BC847BLT1 
BC847CLT1 = 1G; BC848ALT1 = 1J; BC848BLT1 = 1K; BC848CLT1 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 











OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(lc = 10 mA) 


BC846A,B 
BC847A,B,C 
BC848A,B,C 


BC846A,B 
BC847A,B,C 
BC848A,B,C 


BC846A,B 
BC847A,B,C 
BC848A,B,C 


BC846A,B 
BC847A,B,C 
BC848A,B,C 


Collector Cutoff Current (Vcg = 30 V) 
(VcB = 30 V, Ta = 150°C) 


ON CHARACTERISTICS 


| DC Current Gain 
(Ic = 10 nA, VcE = 5.0 V) 


Collector-Emitter Breakdown Voltage 
(Ic = 10 pA, Veg = 0) 


Collector-Base Breakdown Voltage 
(Ic = 10 pA) 


Emitter-Base Breakdown Voltage 
(IE = 1.0 wA) 


BC846A, BC847A, BC848A 
BC846B, BC847B, BC848B 
BC847C, BC848C 
(Ic = 2.0 mA, Vcge = 5.0 V) BC846A, BC847A, BC848A 
BC846B, BC847B, BC848B 
BC847C, BC848C 


Collector-Emitter Saturation Voltage (Ic = 10 mA, Ip = 0.5 mA) 
(Ic = 100 mA, IB = 5.0 mA) 


Base-Emitter Saturation Voltage (Ic = 10 mA, ig = 0.5 mA) 
(Ic = 100 mA, Ip = 5.0 mA) 


Base-Emitter Voltage (Ic = 2.0 mA, VcgE = 5.0 V) 
(lc = 10 mA, VcE = 5.0 V) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain Bandwidth Product 
(Ic = 10 mA, Vcg = 5.0 Vdc, f = 100 MHz) 


Output Capacitance (Vcg = 10 V, f = 1.0 MHz) 


Noise Figure (Ic = 0.2 mA, Vcg = 5.0 Vde, Rg = 2.0 kOQ, 
f = 1.0 kHz, BW = 200 Hz) 


Note: “LT1” must be used when ordering SOT-23 devices. 



















BC846ALT1*, BLT1* 
BC847ALT1*, BLT1*, CLT1* 
BCS48ALT1*, BLT1*, CLT1* 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 


3 Collector 


2 Emitter 


GENERAL PURPOSE 
TRANSISTORS 
NPN SILICON 


*These are Motorola 
designated preferred devices. 






Refer to BC546 for graphs. 
|_Symbot | Min | Typ | Max | Unit _| 


V(BR)CEO 


V(BR)CES 
V(BR)CBO 


V(BR)EBO 
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MAXIMUM RATINGS | 


Bceer 
[colector Base Vottage | Veo | 20 
[EmitterBase Vottage | Vego | 6.0 
[colestor Curent — Continuous | Ig | 100 | 


THERMAL CHARACTERISITCS 


Characteristic 


Total Device Dissipation FR-5 Board,* 
Ta = 25°C 
Derate above 25°C 


Thermal Resistance, Junction to Ambient 


Total Device Dissipation 
Alumina Substrate,** Ta = 25°C — 
Derate above 25°C 


Thermal Resistance, Junction to Ambient 
Junction and Storage Temperature 


*FR-5 = 1.0 x 0.75 x 0.062 in. **Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

















fo) 








DEVICE MARKING 






= 3B; BC857ALT1 
3J: BC858BLT1 


= 3A; BC856BLT1 
= 3G; BC858ALT1 


BC856ALT1 
BC857CLT1 


= 3E; BC857BLT1 
= 3K; BC858CLT1 








ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


Unit | 
ooo |, 


BCSSGALT1*, BLT1* 
BCS57ALT1*, BLT1*, CLT1* 
BCS5SALT1*, BLT1*, CLT1* 


CASE 318-07, STYLE 6 
-SOT-23 (TO-236AB) 


3 Collector 


2 Emitter 


GENERAL PURPOSE 
TRANSISTORS 


PNP SILICON 





*xThese are Motorola 
designated preferred devices. 


Refer to BC556 for graphs. 


[min | tye | Max | Unit _| 








OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = —10 mA) 


BC856 Series 
BC857 Series 
BC858 Series 


BC856 Series 
BC857 Series 
BC858 Series 


BC856 Series 
BC857 Series 
BC858 Series 


BC856 Series 
BC857 Series 
BC858 Series 


Collector-Emitter Breakdown Voltage 
(Ic = —10 pA, Veg = 0) 


Collector-Base Breakdown Voltage 
(I¢ = —10 pA) 


Emitter-Base Breakdown Voltage 
(le = —1.0 nA) 


Collector Cutoff Current (Vcg = —30 V) 
(VcB = —30V, Ta = 150°C) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = —10 pA, VcE = —5.0 V) 


BC856A, BC857A, BC585A 
BC856A, BC857A, BC858A 
BC857C, BC858C 


BC856A, BC857A, BC858A 
BC856B, BC857B, BC858B 
BC857C, BC858C 


Collector-Emitter Saturation Voltage (Ic = —10 mA, lp = —0.5 mA) 
(c = —100 mA, lp = —5.0 mA) 


Base-Emitter Saturation Voltage (Ic = —10 mA, Ip = —0.5 mA) 
(I¢ = —100 mA, Ip = —5.0 mA) 


Base-Emitter On Voltage (Ic = —2.0 mA, VcE = —5.0 V) 
(ic = —10 mA, VcE = —5.0 V) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain Bandwidth Product 
(l¢ = —10 mA, Vcg = —5.0 Vdc, f = 100 MHz) 


Output Capacitance (Vcp = —10V, f = 1.0 MHz) 


Noise Figure (Ic = —0.2 mA, VcgE = —5.0 Vde, Rg = 2.0 kQ, 
f = 1.0 kHz, BW = 200 Hz) 


Note: “LT1” must be used when ordering SOT-23 devices. 


(Ic = —2.0 mA, Vcg = —5.0 V) 


V(BR)CEO 
V(BR)CES 
V(BR)CBO 


V(BR)EBO 
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MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO 


Collector-Base Voltage VCBO 
Emitter-Base Voltage VEBO 
Collector Current — Continuous 


THERMAL CHARACTERISTICS 





Total Device Dissipation FR-5 Board,* 
TA = 25°C 
Derate above 25°C 


Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 


*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


DEVICE MARKING 
BCW29LT1 = C1; BCW30LT1 = C2 








ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 





Characteristic 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = —2.0 mAdc, IE = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = —100 wAdc, Veg = 0) 


Collector-Base Breakdown Voltage 
(I¢ = —10 wAdc, Ic = 0) 


Emitter-Base Breakdown Voltage 
(ig = —10 pAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = —32 Vdc, IE = 0) 
(VcB = —32 Vdc, IE = 0, Ta = 100°C) 


ON CHARACTERISTICS 


DC Current Gain 
(IC = —2.0 mAdc, VcE = —5.0 Vdc) 


Collector-Emitter Saturation Voltage 
(I¢ = —10 mAdc, Ip = —0.5 mAdc) 


Base-Emitter On Voltage 
(Ic = —2.0 mAdc, VcgE = —5.0 Vde) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(iE = 0, Vcg = —10 Vdc, f = 1.0 MHz) 


Noise Figure 
(Ic = —0.2 mAdc, Vce = —5.0 Vde, Rs = 2.0 kQ, f = 1.0 kHz, 
BW = 200 Hz) 


Note: ““LT1” must be used when ordering SOT-23 devices. 








V(BR)CBO 
V(BR)EBO 


BCW29LT1 
BCW30LT1 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 


3 Collector 


2 Emitter 





GENERAL PURPOSE 
TRANSISTORS 


PNP SILICON 


Refer to 2N5086 for graphs. 
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MAXIMUM RATINGS 
[Rating dS ot | Vat [unt 











‘BCW3I1LT1 
BCW33LT1 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 





Total Device Dissipation FR-5 Board,” 
Ta = 25°C 


3 Collector 
Derate above 25°C 


Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 


fo} 
Derate above 25°C 2 Emitter 





*FR-5 = 1.0 x 0.75 x 0.062 in GENERAL PURPOSE 
** Alumina = 0.4 x 0.3 : 0.024 in. 99.5% alumina. TRANSISTORS 


NPN SILICON 
DEVICE MARKING 


BCW31LT1 = D1; BCW33LT1 = D3 





Refer to MPS3904 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit 
Collector-Emitter Breakdown Voltage V(BR)CEO 20 Vdc 
(I¢ = 2.0 mAdc, Ig = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 10 wAdc, Ip = 0) 
Emitter-Base Breakdown Voltage . V(BR)EBO Vdc 
(IE = 10 pAdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain hFE 
(ic = 2.0 mAdc, VcE = 5.0 Vdc) . . 110 220 
420 800 








OFF CHARACTERISTICS 













Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(i¢ = 10 mAdc, lp = 0.5 mAdc) 
Base-Emitter On Voltage Vdc 


(I¢ = 2.0 mAdc, VcE = 5.0 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 








Output Capacitance 
(le = 0, Veg = 10 Vdc, f = 1.0 MHz) 


Noise Figure 


(Ic = 0.2 mAdc, Vcg = 5.0 Vdc, Rg = 2.0 kQ, 
f = 1.0 kHz, BW = 200 Hz) 


Note: “LT1”” must be used when ordering SOT-23 devices. 
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MAXIMUM RATINGS 


a ene 
FColestor Curent — Continuous + Ic | 100 | made 

















BCW60ALT1 
BCW60BLT1 
BCW60CLT1 
BCW60DLT1 





CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 


Total Device Dissipation FR-5 Board,* 
TA = 25°C 
Derate above 25°C 


3 Collector 







Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 


2.4 
Thermal Resistance Junction to Ambient R@JA 
Junction and Storage Temperature ~—55 to +150 


*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. GENERAL PURPOSE 
TRANSISTORS 


NPN SILICON 










2 Emitter 


DEVICE MARKING 


BCW60ALT1 = AA; BCW60BLT1 = AB; BCW60CLT1 = AC; BCW60DLT1 = AD 





: Refer to MPS3904 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol_| Min | Max | Unit _| 


Collector-Emitter Breakdown Voltage V(BR)CEO 32 Vde 
(I¢ = 2.0 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(l_ = 1.0 Adc, Ic = 0) 


| Collector Cutoff Current ICES 
(VCE = 32 Vdc) — 20 nAdc 
—_ 20 pAdc 
ae Te es 


(VCE = 32 Vdc, Ta = 150°C) 
Emitter Cutoff Current 
(VER = 4.0 Vdc, Ic = 0) 
VCE(sat) Vde 
0.55 
0.35 
VBE(sat) Vdc 
(Ic = 50 mAdc, Ig = 1.25 mAdc) 0.7 1.05 
(Ic = 50 mAdc, Ip = 0.25 mAdc) 0.6 0.85 
Base-Emitter On Voltage VBE(on) 0.75 Vdc 
(I¢ = 2.0 mAdc, Vcg = 5.0 Vdc) 


ON CHARACTERISTICS. 
Note: “LT1’’ must be used when ordering SOT-23 devices. 





OFF CHARACTERISTICS 















































DC Current Gain 

(Ic = 10 wAdc, Vcg = 5.0 Vdc) BCW60A 
BCW60B 
BCW60C 
BCW60D 









(Ic = 2.0 mAdc, VcE = 5.0 Vdc) BCW60A 
BCW60B 
BCW60C 
BCW60D 





(Ic = 50 mAdc, Vcg = 1.0 Vdc) BCW60A 
BCW60B 
BCW60C 
BCW60D 





AC Current Gain hfe 





(I¢ = 2.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) BCW60A 125 250 
BCWE60B| 175 350 
BCW60CI 250 500 
BCW60D 350 700 





Collector-Emitter Saturation Voltage 
(Ic = 50 mAdc, Ip = 1.25 mAdc) 
(Ic = 10 mAdc, Ip = 0.25 mAdc) 


Base-Emitter Saturation Voltage 
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BCW60ALT1, BLT1, et DLT1 


ELECTRICAL CHARACTERISTICS (continued) ae = 25°C unless otherwise noted. ) 


Characteristic 


. SMALL-SIGNAL CHARACTERISTICS 
| Current-Gain — Bandwidth Product 
(I¢ = 10 mAdc, Vcg = 5.0 Vdc, f = 100 MHz) 


Output Capacitance 
(VcE = 10 Vdc,:Ic = 0, f = 1.0 MHz) 


Noise Figure 
(I¢ = 0.2 mAdc, VcgE = 5.0 Vde, Rg = 2.0 kO, 
f = 1.0 kHz, BW = 200 Hz) 


SWITCHING. oirintrnd lord hic 


Turn-On Time © 7 
(Ic = 10 mAde, Ig1 = 1.0 mAdc) 


Turn-Off Time 
(Ig2 = 1.0 mAdc, Vap = 3.6 Vdc, Rae = R2 = 5.0 kQ, 
Ru = 990 ©) 
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MAXIMUM RATINGS 


BCW61ALT1 
BCW61BLT1 
BCW61CLT1 
BCW61DLT1 


Emitter-Base Voltage 


Collector Current — Continuous 





CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 










Total Device Dissipation FR-5 Board,* 
TA = 25°C 

Derate above 25°C 

3 Collector 







Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 


2.4 
Thermal Resistance Junction to Ambient R@JA °C/W 
Junction and Storage Temperature —55 to +150 


*FR-5 = 1.0 x 0.75 x 0.062 in. GENERAL PURPOSE 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. TRANSISTORS 


PNP SILICON 










2 Emitter 


DEVICE MARKING 





BCW61ALT1 = BA; BCW61BLT1 = BB; BCW61CLT1 = BC; BCW61DLT1 = BD 





Refer to 2N5086 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit __ | 


Collector-Emitter Breakdown Voltage 
(Ic = —2.0 mAdc, Ip = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = —1.0 pAdc, Ic = 0) 


Collector Cutoff Current 
(VCE = —32 Vdc) 
(VCE = —32 Vdc, Ta = 150°C) 


ON CHARACTERISTICS 


DC Current Gain 

(Ic = —10 wAdc, Vce = —5.0 Vdc) BCW61A 
BCW61B 
BCW61C 
BCW61D 





OFF CHARACTERISTICS 

































(Ic = —2.0 mAdc, Vcg = —5.0 Vdc) BCW61A 
BCW61B 
BCW61C 
BCW61D 





(Ic = —50 mAdc, Vcf = —1.0 Vdc) BCW61A 
BCW61B 
BCW61C 
BCW61D 





AC Current Gain 

(Ic = —2.0 mAdc, Vce = —5.0 Vdc, f = 1.0 kHz) BCW61A 
BCW61B 
BCW61C 
BCW61D 





250 500 
350 700 















Collector-Emitter Saturation Voltage 
(lc = —50 mAdc, Ip = —1.25 mAdc) 


VCE(sat) 
(Ii¢ = —10 mAdc, Ig = —0.25 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = —50 mAdc, Ip = —1.25 mAdc) 
(ic = —10 mAde, IR = —0.25 mAdc) 
Base-Emitter On Voltage VBE(on) —0.75 Vdc 
(Ic = —2.0 mAdc, Vcg = —5.0 Vdc) 


Note: “LT1’’ must be used when ordering SOT-23 devices. 
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BCW61ALT1, BLT1, CLT1, DLT1 


ELECTRICAL CHARACTERISTICS iconmnved) (Ta = 25°C unless otherwise noted.) 
p Characteristic | Symbot | min | Max [Unit | 
SMALL-SIGNAL CHARACTERISTICS | : 


Output Capacitance . 
(VcE = ~—10 Vdc, Ic = 0, £2 1.0 MHz) 


Noise Figure 
(ic = -0.2 mAde, Vce = —5.0 Vde, Rg = 2.0 k0, f = 1.0 kHz, BW = 200 Hz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(I¢ = —10 mAdc, Ip, = —1.0 mAdc) 





Turn-Off Time 
(IB2 = —1.0 mAdc, Veg = ~3.6 Vde, Rz = Rg = 5.0 kQ, Rp = 990 2) 
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MAXIMUM RATINGS 


ane 
[Goleciorémiter Votage————~Y vero | a) ve 
[cotsorsssevatows | vego [on | woe BCW65ALT1 
eeceareaiee 


THERMAL CHARACTERISTICS SOT-23 (TO-236AB) 

















Total Device Dissipation FR-5 Board,* 
Ta = 25°C 
Derate above 25°C 


3 Collector 






Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 2.4 


Thermal Resistance Junction to Ambient R@JA 
Junction and Storage Temperature —55 to + 150 


*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. GENERAL PURPOSE TRANSISTOR 


DEVICE MARKING NPN SILICON 
BCW65ALT1 = EA 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic [_Sembot_| min | tye | mex | unit _ 
Collector-Emitter Breakdown Voltage V(BR)CEO 
(Il¢ = 10 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES 
(lc = 10 pAdc, Veg = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(Ie = 10 wAde, Ic = 0) 
Collector Cutoff Current ICES 
nAdc 
pAdc 


(VcE = 32 Vdc, Ig = 0) 
Emitter Cutoff Current eel 


(VcE = 32 Vdc, IE = 0, Ta = 150°C) 
(Veg = 4.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain hee 

(i¢ = 100 wAdc, VcE = 10 Vdc) 

100 
VCE(sat) 

(I¢ = 500 mAdc, Ip = 50 mAdc) 0.7 

— (I¢ = 100 mAdc, Ip = 10 mAdc) 0.3 
Base-Emitter Saturation Voltage ) Vaeteet) | 

(I¢ = 500 mAdc, Ip = 50 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 


(I¢ = 10 mAdc, VcE = 1.0 Vdc) 
Current-Gain — Bandwidth Product fT MHz 
(I¢ = 20 mAdc, VcE = 10 Vdc, f = 100 MHz) 





2 Emitter 








OFF CHARACTERISTICS 





































(I¢ = 100 mAdc, VcgE = 1.0 Vdc) 
(l¢ = 500 mAdc, VcgE = 2.0 Vdc) 


Collector-Emitter Saturation Voltage 















Output Capacitance Cobo | 
(VcR = 10 Vdc, Ip = 0, f = 1.0 MHz) 


Input Capacitance Cibo 
(Veg = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


Noise Figure 
(I¢ = 0.2 mAdc, VcgE = 5.0 Vde, Rs = 1.0 kQ, 
f = 1.0 kHz, BW = 200 Hz) 


SWITCHING CHARACTERISTICS 


Turn-On Time. 
(Ig31 = IB2 = 15 mAdc) 





Turn-Off Time 
(I¢ = 150 mAdc, RL = 150 2) 
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MAXIMUM RATINGS 


| eka 8 
[Golectoremiter Vote ——~—S~dSC eo |= vc | 
coliectorsese votege dt vcgo | 60 | vee | 
‘Teter Curent Gominucus 


THERMAL CHARACTERISITCS 


Characteristic 


Tota! Device Dissipation FR-5 Board,* 
Ta = 25°C 
Derate above 25°C 


Thermal Resistance, Junction to Ambient 


Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 


Thermal Resistance, Junction to Ambient 
_ {| Junction and Storage Temperature 


*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 






BCW6SGLT1 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 







3 Collector 





2 Emitter 


GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON 





DEVICE MARKING 
BCW68GLT1 = DH 





ELECTRICAL CHARACTERISTICS URS = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS : | 


Collector-Emitter Breakdown Voltage V(BR)CEO — 45 Vde 
(Ic = -—10 mAdc, Ip = 0) ; . 

Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ic = —10 pAdc, Veg = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO — Vde 
(IE = —10 wAdc, Ic = 0) 


Collector Cutoff Current ICES 
(VcE = —45 Vdc, IE = 0) 
(VcE = —45 Vdc, Ip = 0, Ta = 150°C) 


Emitter Cutoff Current 
(VERB = —4.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain . 
(Ic = -—10 mAdc, Vcge = —1.0 Vdc) 
(l¢ = —100 mAdc, Vcf = —1.0 Vdc) . 
(Ic = —300 mAdc, Vcg = —1.0 Vdc) 


Collector-Emitter Saturation Voltage (Ic = —300 mAdc, ip = —30 mAdc) VCE(sat) 


Base-Emitter Saturation Voltage (Ic = —500 mAdc, lg = -—50 mAdc) VBE(sat) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = —20 mAdc, VcgE = —10 Vdc, f = 100 MHz) 


Output Capacitance (Vcg = —10 Vdc, Ie = 0, f = 1.0 MHz) Peat 











Input Capacitance (Veg = —0.5 Vdc, Ic = 0, f = 1.0 MHz) 


Noise Figure (lc = ~0.2 mAdc, Vcg = —5.0 Vde, Rs = 1.0 kO, 
f = 1.0 kHz, BW = 200 Hz) 
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MAXIMUM RATINGS 
[Rating «dS yb 
[EmiterSese Votige ——~—~S~dtCSC* eg) | 8 


THERMAL CHARACTERISITCS 


Total Device Dissipation FR-5 Board,* 225 mW 
1.8 mWw/°C 


Ta = 25°C 
Thermal Resistance, Junction to Ambient R@JjA | 556 | CW 
Pp 30 mW 


Derate above 25°C 
Total Device Dissipation 0 
Aiumina Substrate,** Ta = 25°C 
Derate above 25°C 2.4 mWw/°C 


Thermal Resistance, Junction to Ambient RgjA °C/W 
Junction and Storage Temperature —55 to +150 


*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 





BCW69LT1 
BCW7OLT1 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 















3 Collector 


















2 Emitter 








GENERAL PURPOSE 
TRANSISTORS 


PNP SILICON 
DEVICE MARKING 


BCW6S9LT1 = H1; BCW70LT1 = H2 
Refer to 2N5086 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) | 


Characteristic | Symbol | Min | Max | Unit _| 


Collector-Emitter Breakdown Voltage V(BR)CEO ~ Vde 
(I¢ = -—2.0 mAdc, Ip = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(I¢ = —100 wAdc, Veg = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = —10 pAdc, Ic = 0) 

Collector Cutoff Current ICBO nAdc 
(VcB = —20 Vdc, IE = 0) pAdc 
(VcB = —20 Vdc, IE = 0, Ta = 100°C) 

ON CHARACTERISTICS 

260 
500 © 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(IC = —10 mAdc, |g = —0.5 mAdc) 

Base-Emitter On Voltage VBE(on) —0.75 Vde 
(IC = —2.0 mAdc, VcE = —5.0 Vdc) 


DC Current Gain 

(I¢ = —2.0 mAdc, VcfE = —5.0 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 
Output Capacitance | 


(le = 0, VcgB = —10 Vde, f = 1.0 MHz) 
Noise Figure 








OFF CHARACTERISTICS 














































(ic = —0.2 mAdc, VcE = —5.0 Vde, Rg = 2.0 kf, 
f = 1.0 kHz, BW = 200 Hz) 


Note: “LT1” must be used when ordering SOT-23 devices. 
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MAXIMUM RATINGS 


Collector-Emitter Voltage — 


Collector-Base Voltage _ 
Emitter-Base Voltage 
Collector Current — ~ Continuous 


BCW71LT1 
BCW72LT1 


CASE 318-07, STYLE 6 
‘SOT-23 (TO-236AB) 


Total Device Dissipation FR-5 Board,* 
TA = 25°C 


3 Collector 
Derate above 25°C 


Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 


Derate above 25°C 2: Emitter 





*FR-5 = 1.0x0.75x0.062in. GENERAL PURPOSE 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. TRANSISTORS 


DEVICE MARKING NPN SILICON’ 
BCW71LT1 = K1; BCW72LT1 = K2 





Refer to MPS3904 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) . 


Collector-Emitter Breakdown Voltage . | V(BR)CEO 
(I¢ = 2.0 mAdc, Veg = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(Ic = 2.0 mAdc, Veg = 0) 

Collector-Base Breakdown Voltage ~ ViBRICBO 
(Ic = 10 pAde, Ie = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 wAdc, Ic = 0) 


Collector Cutoff Current ICBO 
(VcB = 20 Vdc, IE = 0) _ nAdc 
(VcB = 20 Vdc, Ie = 0, Ta = 100°C) Adc 
ON CHARACTERISTICS ee 
DC Current Gain hFE _ 
(I¢ = 2.0 mAdc, Vcge = 5.0 Vdc) 110 
200 
VCE(sat) 
(I¢ = 10 mAdc, Ip = 0.5 mAdc) 0.25 
(Ic = 50 mAdc, Ip = 2.5 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 50 mAdc, Ip = 2.5 mAdc) 
Base-Emitter On Voltage VBE(on) 
(I¢ = 2.0 mAdc, VcgE = 5.0 Vdc) 
SMALL SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


(I¢ = 10 mAdc, VcE = 5.0 Vde, f = 100 MHz) 


Output Capacitance 
(IE = 0, VcB = 10 Vde, f = 1.0 MHz) 


Input Capacitance 
(le = 0, Vcgp = 10 Vdc, f = 1.0 MHz) 





OFF CHARACTERISTICS 

















ie 
| 














Collector-Emitter Saturation Voltage 








Noise Figure 
(I¢ = 0.2 mAdc, Vce = 5.0 Vdc, Rs = 2.0 kQ, 
f = 1.0 kHz, BW = 200 Hz) 





Note: “’LT1”” must be used when ordering SOT-23 devices. 
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MAXIMUM RATINGS 





NPN 


PNP 
BCX17LT1") BCX19LT1 
BCX18LT1() BCX20LT1 


3 Collector 3 Collector 


1 1 
Base Base 


2 Emitter 2 Emitter 


BCX17LT1 BCX18LT1 
BCX19LT1 BCX20LT1 
Vdc 


Collector-Emitter Voltage 45 


-Emj 25 
Emitter-Base Voltage 
Collector Current — Continuous 





THERMAL CHARACTERISTICS 


Characteristic 


Total Device Dissipation FR-5 Board,* 
TA = 25°C 
Derate above 25°C 


Thermal Resistance Junction to Ambient R@JA | 556 
Total Device Dissipation 300 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 2.4 
Thermal Resistance Junction to Ambient RgJA 
Junction and Storage Temperature Ty, Tsto GENERAL PURPOSE 


**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 










T Symbot [Max [Uae 
Pp 225 mW 





CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 







mW 






DEVICE MARKING 





BCX17LT1 = T1; BCX18LT1 = T2; BCX19LT1 = U1; BCX20LT1 = U2 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage : V(BR)CEO 
(Ic = 10 mAdc, Ip = 0) BCX17, 19 
BCX18, 20 


Collector-Emitter Breakdown Voltage V(BR)CES 
(I¢ = 10 pAdc, Ic = 0) BCX17, 19 
BCX18, 20 





Collector Cutoff Current 
(VcB = 20 Vdc, IE = 0) 
(VcB = 20 Vdc, Ip = 0, Ta = 150°C) 


Emitter Cutoff Current 
(VER = 5.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 

















DC Current Gain 
(Ic = 100 mAdc, VcE = 1.0 Vdc) 
(Ic = 300 mAdc, VcE = 1.0 Vdc) 


FE 
100 
70 
(I¢ = 500 mAdc, VcE = 1.0 Vdc) 40 


Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(I¢ = 500 mAdc, Ip = 50 mAdc) 

Base-Emitter On Voltage VBE(on) Vdc 
(I¢ = 500 mAdc, VcE = 1.0 Vdc) 


(1) Voltage and current are negative for PNP transistors. 
Note: ““LT1’’ must be used when ordering SOT-23 devices. 


| 
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MAXIMUM RATINGS 7 

Collector-Base Voltage — | 
Emitter-Base Voltage ae | | VeBo _| 
Collector Current — Continuous 20 


THERMAL CHARACTERISTICS | 


-BCX70GLT1 
BCX7OJLT1 
BCX70KLT1 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 









Total Device Dissipation FR-5 Board,* 
TA = 25°C 
Derate above 25°C 


3 Collector 


Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C : mWw/°C 


Thermal Resistance Junction to Ambient Raja °C/W 
—55 to +150 °C 


2 Emitter 


*FR-5 = 1.0 x 0.75 x 0.062 in. 


**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. GENERAL PURPOSE 


| TRANSISTORS 
DEVICE MARKING | NPN SILICON 


BCX70GLT1 = AG; BCX70JLT1 = AJ; BCX70KLT1 = AK 











Refer to MPS3904 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | symbot | Min | Max | Unit 
. Collector-Emitter Breakdown Voltage 


V(BR)CEO Vde 
(I¢ = 2.0 mAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 1.0 wAdc, Ic = 0) 


Collector Cutoff Current ICES . 
(VCE = 32 Vdc) nAdc 
pAdc 

Rae EF 





OFF CHARACTERISTICS 































(VCE = 32 Vdc, Ta = 150°C) 


Emitter Cutoff Current 
(VER = 4.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain 

(I¢ = 10 Adc, VcE = 5.0 Vdc) BCX70G 
BCX70J 
BCX70K 














(Ic = 2.0 mAdc, Veg = 5.0 Vdc) | BCX70G 
BCX70J 
BCX70K 





(ic = 50 mAdc, VcE = 1.0 Vdc) BCX70G 
BCX70J 
BCX70K 







Collector-Emitter Saturation Voltage 
(I¢ = 50 mAdc, Ip = 1.25 mAdc) 
(I¢ = 10 mAdc, IB = 0.25 mAdc) 


Base-Emitter Saturation Voltage 
(I¢ = 50 mAdc, Ig = 1.25 mAdc) 









_ es 
VBE(sat) 

0.7 

0.6 









Note: “LT1” must be used when ordering SOT-23 devices. 
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BCX70GLT1, JLT1, KLT1 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
po Characteristic | Symbot | Min | Max | Unit 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 5.0 Vdc, f = 100 MHz) 


Output Capacitance . 
(VcB = 10 Vdc, Ic = 0, f = 1.0 MHz) 


Small-Signal Current Gain 


(Ic = 2.0 mAdc, VcF = 5.0 Vdc, f = 1.0 kHz) BCX70G 
BCX70J 
BCX70K 


Noise Figure 
(I¢ = 0.2 mAdc, VcgE = 5.0 Vdc, Rg = 2.0 k, 
f = 1.0 kHz, BW = 200 Hz 

SWITCHING CHARACTERISTICS 


Turn-On Time 
(I¢ = 10 mAdc, Igy = 1.0 mAdc) 





Turn-Off Time 


(IR2 = 1.0 mAdc, Vpp = 3.6 Vdc, R1 = R2 = 5.0 kM, 
Ri = 990 0) 
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MAXIMUM RATINGS 


[Rating | Symbot | BbB016 | BDEOWD | Unit 
[colector Base Votiage | Vees | 0 | 100 *| 
[Emiter bese Votage | Veag | 80 | vac _ 
[colstor current — Continuous | Ic [| 08 ———*d Ce 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 
Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 






BDBOIC,D 






CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 






3 Collector 


2 
Base 


1 Emitter 












THERMAL CHARACTERISTICS ONE WATT 


Symbol | Max | Unit_—| AMPLIFIER TRANSISTORS 
Thermal Resistance, Junction to Ambient NPN SILICON 
Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic | Symbot_| Min | Max | Unit _ | 










OFF CHARACTERISTICS 


Collector-Emitter Voltage 
(Ic = 10 mA, Ip = 0) BDBO1C 
BDB01D 


Collector Cutoff Current 
(VcB = 80 V, IE = 0) BDBO1C 
(VcB = 100 V, IE = 0) BDB01D 
Emitter Cutoff Current 

(ic = 0, Veg = 5.0 V) 





ON CHARACTERISTICS 









DC Current Gain 
(lc = 100 mA, VcE 
(Ic = 500 mA, VcE = 


Collector-Emitter Saturation Voltage* VCE(sat) 0.7 Vde 
(Ic = 1000 mA, Ip = 100 mA) 

Collector-Emitter On Voltage* VBE(on) 1.2 Vdc 
(Ic = 1000 mA, VcgE = 1.0 V) 


DYNAMIC CHARACTERISTICS 


Current Gain Bandwidth Product 
(Ic = 200 mA, VcE = 5.0 V, f = 20 MHz 


1.0 V) 






i 







Output Capacitance 
(VcB = 10 V, Ip = 0, f = 1.0 MHz 


*Pulse Test: Pulse Width < 300 us, Duty Cycle 2.0%. 
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Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) hee, DC CURRENT GAIN 


6yg, TEMPERATURE COEFFICIENT (mV/°C) 


fr, CURRENT-GAIN—BANDWIOTH PRODUCT (MHz) 


BDBO01C,D 
FIGURE 1 — D.C. CURRENT GAIN 
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. MAXIMUM RATINGS 7 - = | . | 
[Golectorsmiter votege | _Voeo | -20 | —100 | Vac | 
[colector Base Voltage | Vces | 80 . 
[colector Curent — Continuous | ic | 05 —d 


BDB02C,D 















CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 






3 Collector 














Total Device Dissipation 
@ Tp = 25°C . 
Derate above 25°C 
Total Device: Dissipation 
_ Derate above 25°C . ; 
Operating and Storage Junction Ty. Tstg —55 to + 150 C 
Temperature Range ; We 
THERMAL CHARACTERISTICS a # ONE WATT 
Symbol AMPLIFIER TRANSISTORS 


@ Tc = 26°C 
Thermal Resistance, Junction to Ambient Roja 
Thermal Resistance, Junction to Case RgJc | 50s 





1 Emitter 





PNP SILICON 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 
. Characteristic 
OFF CHARACTERISTICS 


Collector-Emitter Voltage os 
(I¢ = —10 mA, Ip = 0) BDB02C 
BDBO2D 


Collector Cutoff Current 
(VcB = —80V, Ie = 0) BDBO2C 
(VcB = —100 V, IE = 0) BDBO02D 


Emitter Cutoff Current 
(Ic = 0, Veg = —5.0 V) 


ON CHARACTERISTICS 





DC Current Gain 
(I¢ = —100 mA, VcE = 


(Ic = —500 mA, VcE 
Collector-Emitter Saturation Voltage* VCE(sat) 
(Ic = —1000 mA, Ig = —100 mA) 
Collector-Emitter On Voltage* VBE(on) 
© (I¢ = —1000 mA, VcgE = —1.0 V) 


DYNAMIC CHARACTERISTICS 


Current Gain Bandwidth Product : 
(I¢ = —200 mA, Vcg = —5.0 V, f = 20 MHz. 









*Pulse Test: Pulse Width < 300 ys, Duty Cycle 2.0%. 
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hee, OC CURRENT GAIN 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


6vg, TEMPERATURE COEFFICIENT (mV/°C) 


fy, CURRENT-GAIN—BANDWIOTH PRODUCT (MHz) 


BDB02C,D 
FIGURE 1 — D.C. CURRENT GAIN 
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‘Ie, COLLECTOR CURRENT (mA) 
FIGURE 2 — COLLECTOR SATURATION REGION FIGURE 3 — ON VOLTAGES 
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V, VOLTAGES (VOLTS) 





















1g, BASE CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 
FIGURE 4 — BASE-EMITTER 
TEMPERATURE COEFFICIENT FIGURE 5 — CAPACITANCE 
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Ic, COLLECTOR CURRENT (mA) Vp, REVERSE VOLTAGE (VOLTS) . 
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BDC01D 


MAXIMUM RATINGS 


FcotlectorBase Vorage ‘(| _Vcag | 100 
Femitterfase Voltage ——=~=S~S~*dtCew |_| 
Collector Current — Continuous — a ae 


Vdc 

Vdc 

Vdc 

Total Device Dissipation @ Ta = 25°C , 1.0 Watt 
Derate above 25°C 8.0 | mW/°C 

Total Device Dissipation @ Tc = 25°C 2.5. Watt 

Derate above 25°C . 20 mW/°C 
Operating and. Storage Junction * TJ, Tstg . 
Temperature Range a ; 
THERMAL CHARACTERISTICS ONE WATT 


AMPLIFIER TRANSISTOR 
Thermal Resistance, Junction to Ambient 125 . 
Thermal Resistance, Junction to Case ReJjc c 


ELECTRICAL CHARACTERISTICS (Ta = 25% unless otherwise noted) 


‘Symbol | Min | Max | Unit __| 


_OFF CHARACTERISTICS | 
Collector-Emitter Voltage V(BR)CEO - Vdc 
(Il¢ = 10 mA, Ig = 0) | 
Collector Cutoff Current ICBO pAdc 
(VcB = 100 V, IE = 0) 










CASE 29-03, STYLE 14 
- TO-92 (TO-226AE) 







2 Collector 


3 
Base 


1 Emitter 












NPN SILICON 





Refer to MPSWO05 for graphs. 














(Ic = 0, Veg = 5.0 V) 
ON CHARACTERISTICS 


DC Current.Gain a NFE 
(ic = 100 mA, VcE = : 
(Ic = 500 mA, VcE . 

Collector-Emitter Saturation Voltage* <2 VCE(sat) 
| (I¢ = 1000 mA, IRB = 100 mA) | 
Collector-Emitter On Voltage* 3 | -VBE(on) 

(i¢ = 1000 mA, Vcg = 1.0V) _ | | 








DYNAMIC CHARACTERISTICS 


Current Gain Bandwidth Product 
(I¢ = 200 mA, VcgE = 5.0 V, f = 20 MHz 


Output Capacitance 
(VcB = 10 V, IE = 0, f = 1.0 MHz) 


*Pulse Test: Pulse Width < 300 us, Duty Cycle 2.0%.. 
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BDCO2D 


MAXIMUM RATINGS 


ee 
[eonsctorEmiter votuys | vero | 100 | vac _| 
colectorBese Votage +t veg] 100 | vae | 
[Emitir-Bese Votage ———*d«C eng | 50) vac | 


Total Device Dissipation @ Ta = 25°C : 
Derate above 25°C ‘ 

Total Device Dissipation @ Tc = 25°C 2.5 Watt 
Derate above 25°C 20 mWw/°C 

Operating and Storage Junction Ty, Tstg | —55 to +150 °C 
Temperature Range 

THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Ambient Rg@JA 
Thermal Resistance, Junction to Case R@JC | 50 


ELECTRICAL CHARACTERISTICS (Ta = 25°c unless otherwise noted) 


_ Characteristic | Symbol | Min | Max | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Voltage V(BR)CEO Vde 
(Ic = —10 mA, lg = 0) 

Collector Cutoff Current ICBO 
(VcB = —100 V, IE = 0) 






CASE 29-03, STYLE 14 
TO-92 (TO-226AE) 










2 Collector 


3 
Base 


1 Emitter 





















ONE WATT 
AMPLIFIER TRANSISTOR 


PNP SILICON 












Refer to MPSW55 for graphs. 









Emitter Cutoff Current 
(Ic = 0, Veg = —5.0 V) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = —100 mA, VcE = 
(Ic = —500 mA, VcE 


Collector-Emitter Saturation Voltage* 
(Ic = —1000 mA, |g = —100 mA) 
Collector-Emitter On Voltage* 

(Il¢ = —1000 mA, VcgE = —1.0 V) 
DYNAMIC CHARACTERISTICS 


Current Gain Bandwidth Product 
(lc = —200 mA, VcE = —5.0 V, f = 20 MHz 


Output Capacitance 








(VcB = —10V, Ie = 0, f = 1.0 MHz) 
*Pulse Test: Pulse Width < 300 us, Duty Cycle 2.0%. 
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BDC05 


MAXIMUM RATINGS CASE 29-03, STYLE 14 


TO-92 (TO-226AE) 









Rating | Symbol | Value 
Collector-Emitter Voltage | 
Collector-Base Voltage 
Emitter-Base Voltage | Vepo | 5.0 | 
ic | 500 


Collector Current — Continuous 
Ta. = 25°C 









| 300 | Ve 

eae aa 

Total Device Dissipation @ 1.0 Watt 

Derate above 25°C . 8.0 mW/°C 

Total Device Dissipation @ Tc = 25°C 25 Watt 
Derate above 25°C 50 


mWw/°C 
Operating and Storage Junction Tj, Tstg | —55to +150) °C 
Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic | Symbol _| 
Thermal Resistance, Junction to Ambient ReJA 125 
Thermal Resistance, Junction to Case ReJc 


2 Collector 


3 
Base 


1 Emitter 



















ONE WATT 
HIGH VOLTAGE TRANSISTOR 


NPN SILICON 





; Refer to MPSW42 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°c unless otherwise noted) 


p Characteristic | Symbot_ | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
(I¢ = 1.0 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage 
(Ic = 100 pAdc, IE = 0) 


Emitter-Base Breakdown Voltage | V(BR)EBO 
(IE = 100 nAdc, Ic = 0) 

Collector Cutoff Current ICBO 

~(VcB = 200 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = 5.0 Vdc, Ic = 0) 

ON CHARACTERISTICS 

DC Current Gain. hFE 
(I¢ = 25 mAdc, Vcg = 20 Vdc) 

Collector-Emitter Saturation Voltage* VCE(sat) 
(I¢ = 20 mAdc, IB = 2.0 mAdc) 








Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 20 mA, Ip = 2.0 mA) 
DYNAMIC CHARACTERISTICS | 


Current Gain — Bandwidth Product 
(I¢ = 10 mAdc, VcgE = 10 Vdc, f = 20 MHz 


Collector-Base Capacitance 





— (VcB = 30 Vdc, ig = 0, f = 1.0 MHz) 
*Pulse Test: Pulse Width < 300 us, Duty Cycle 2.0%. 
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BDC06 


MAXIMUM RATINGS CASE 29-03, STYLE 14 
[Rating dCi TO-92 (TO-226AE} 


Emitter-Base Voltage 













2 Collector 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS ONE WATT 


[Mex [une] | HIGH VOLTAGE TRANSISTOR 


Thermal Resistance, Junction to Case 








3 
Base 


1 Emitter 




















ELECTRICAL CHARACTERISTICS (Ta = 25°c unless otherwise noted) 


Characteristic | Symbol | Min | Max | Unit _| 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (1) V(BR)CEO 
(i¢ = —1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(i¢ = —100 nAdc, Ie = 0) 

Emitter-Base Breakdown Voltage | V(BR)CEO 
(ig = —100 pAdc, Ic = 0) 

Collector Cutoff Current ICBO 
(VcB = —200 Vdc, IE = 0) 


Emitter Cutoff Current 
(VERB = —5.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain — 


(Ic = —25 mA, Vcge = —20 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = —20 mAdc, Ip = —2.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(Ic = —20 mA, lg = —2.0 mA) 






DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = —10 mAdc, Vcf = —10 Vdc, f = 20 MHz) 





(1) Pulse Test: Pulse Width < 300 us, Duty Cycle 2.0%. 
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CASE 29-04, STYLE 21 
MAXIMUM RATINGS TO-92 (TO-226AA) | 


7 


Ss, 1 Collector 


itter- —— .O 
Collector Current ~ Continuous . Ic i ee ae 
Total Device Bisslbaren @TA = 25°C Pp a 

Derate above 25°C 
Total Device Dissipation @tc = 25°C : 2 
Derate above 25°C 





THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max 
Thermal Resistance, Junction to Ambient R@JA | 357 
Thermal Resistance, Junction to Case R@Jc | 125 


RF TRANSISTOR 


NPN SILICON 






Refer to BF240 for graphs. 


ELECTRICAL CHARACTERS TiC2 (Ta = = 25°C unless otherwise noted) 


TT 


OFF CHARACTERISTICS | 

Collector-Emitter Breakdown Voltage — . V(BR)CEO Vdc 
(Ic = 1 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 pAdc, IE = 0) . 


Emitter-Base Breakdown Voltage 3 V(BR)EBO 


(le = 10 pAdc, Ic = O) 


Collector Cutoff Current . ICBO 


(VcB = 20 Vdc, IE = O) 
ON CHARACTERISTICS 


DC Current Gain 
(Ic = 7 mAdc, VCE = 10 Vdc) 


Base-Emitter On Voltage | 
(Ic = 7 mAdc, VCE = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current Gain—Bandwidth Product (2) 
(Ic = 5 mAdc, VcE = 10 Vdc, f = 100 MHz) 








Noise Figure | 
(Ic = 4 mA, VcE = 10 V, Rs = 50 Q, f = 35 MHz) 
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CASE 29-04, STYLE 21 
MAXIMUM RATINGS TO-92 (TO-226AA) 

[~~*~=«éRating——=~*~*~*~*drCSymbol Value [Unit 
[Collector-Emitter Voltage | Vceo | 30 | Vide 
| Collector-Base Voltage | Vcpo | 45 | vd 
|Emitter-Base Voltage | Vepo | 4.0 | Vdc | 
WwW 
°C 
















INS 1 Collector 


30 V 

45 V 

Vv 

Collector Current ~ Continuous mAdc 

Total Device Dissipation @TA = 25°C 350 m 
Derate above 25°C 2.8 mW/°C 

Total Device Dissipation @ Tc = 25°C 1.0 Watt 
Derate above 25°C 8.0 mW/°C 

Operating and Storage Junction Ty, Tstg | —55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 


[Characteristic —————=«|Symbo!_ 
Thermal Resistance, Junction to Ambient RaJA 
Thermal Resistance, Junction to Case RgJc 







2 Emitter 


RF TRANSISTOR 









NPN SILICON 








Refer to BF240 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Symbol_| Min. | Typ. | Max. | Unit 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voitage V(BR)CEO Vdc 

(Ic = 1 mAdc, IB = 0) 30 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 pAdc, IE = QO) 45 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(I_E = 100 pAdc, Ic = O) 4 

Collector Cutoff Current ICBO 
(VcB = 20 Vdc, IE = O) TA = 25°C 100 nAdc 

Emitter Cutoff Current lIEBO nAdc 
(VEB = 3.0 Vdc, Ic = O) 100 
























ON CHARACTERISTICS 


DC Current Gain hee 
(Ic = 7 mAdc, VcE = 10 Vdc) 
Base-Emitter On Voltage VBE(on) 
(Ic = 7 mAdc, VCE = 10 Vdc) 0.77 © 


Collector-Emitter Saturation Voltage VCE(sat) 
| (lc = 10 mAdc, IB = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current Gain-—Bandwidth Product 
(Ic = 1.5 mAdc, VcE = 10 Vdc, f = 100 MHz) 
(Ic = 7 mAdc, VCE = 10 Vdc, f = 100 MHz) 


Common Emitter Feedback Capacitance 





P 
< 
Q 
ro) 





(VCE = 10 Vdc, IE = O, f = 1 MHz) 


Noise Figure 
(Ic = 1.0 mAdc, VCE = 10 Vdc, RS = 50 ohms, 
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BF240. 


MAXIMUM RATINGS | | CASE 29-04, STYLE 21 
fe CRating «dE SSymbol | Value [Unit | TO-92 (TO-226AA) 
- 4.0 Vdc 

25 

2.8 

1.0 

8.0 — 










350 mW 
Derate above 25°C mW/°C 
Total Device Dissipation @Tc = 25°C . Watt 
Derate above 25°C mW /°C ; 
2 Emitter 
Operating and Storage Junction Ty, Tstg | ~55 to +150 °C . 
Temperature Range 


THERMAL CHARACTERISTICS 
a 
ont Amb 


| Total Device Dissipation @TA = 25°C 




















AM/FM TRANSISTOR 


NPN SILICON 


Thermal Resistance, Junction to Ambient R@JA 57 
| Thermal Resistance, Junction to Case 


| ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


[Characteristic ———SSSCSCSCS~*dCS yb] ins | Mx | nit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) V(BR)CEO Vale 
(I¢ = 1 mAdc, Ig = 0) 40 

Collector-Base Breakdown Voltage V(BR)CBO - Vdc 
(IC = 100 pAdc, IE = O) 40 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 pAdc, Ic = O) 4 

Collector Cutoff Current ICBO nAdc 
(VcB = 20 Vdc, IE = O) 100 | 


~ ON CHARACTERISTICS 


DC Current Gain HFE 
> {Ic = 1 mAdc, VCE = 10 Vdc) 65 220 
Base-Emitter On Voltage - VBE(on) Vdc 
0.70 0.74 




















(Ic = 1.0 mAdc, VcgE = 10 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 


_ Current Gain—Bandwidth Product 
(Ic = 1.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 





Common Emitter Feedback Capacitance 
(VcB = 10 Vdc, IE = O, f = 1.0 MHz) 


(1) Pulse test: Pulse Width S 300 us. Duty cycle S 2.0%. 
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FIGURE 2 — CAPACITANCES 


FIGURE 1 — CURRENT GAIN-BANDWIDTH PRODUCT 
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FIGURE 5 — b21e 
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FIGURE 8 — g2te (Yfe) 


FIGURE 7 — g11le (gie) 
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FIGURE 9 — g22e (goe) 
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CASE 29-04, STYLE 2 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 
Vde 
Vde 
Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 350 mW 
Derate above 25°C 2.8 mW/°C 











ISS 


3 Collector 










| Totai Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 
THERMAL CHARACTERISTICS 


Symbol | Max [Unit 
Thermal Resistance, Junction to Ambient R@JA 
Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted) 


Characteristic [ Symbol_[ Min | typ_[ Max | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 25 
(Ic = 1.0 mAdc, IB = O) 

Collector-Base Breakdown Voltage V(BR)CBO 30 Vdc 
(Ic = 10 pAdc, IF = O) 

Emitter-Base Breakdown Voltage V(BR)EBO 3.0 

- (Ile = 10 pAdc, Ic = 0) 

Collector Cutoff Current ICBO 
(VcB = 25 Vdc, IE = O) 







2 Emitter 






VHF TRANSISTOR 


NPN SILICON 





Refer to MPSH10 for graphs. 











ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 mAdc, VcE = 10 Vdc) 


Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 10 mAdc, IB = 1.0 mAdc) 

Base-Emitter On Voltage VBE(on) 
(lc = 1.0 mAdc, VcE = 10 Vdc) 
(Ic = 10 mAdc, VcE = 10 Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 1.0 mAdc, IB = 0.1 mAdc) 
(lc = 10 mAdc, IB = 1.0 mAdc) 





Common Emitter Feedback Capacitance 
(VCB = 10 Vdc, IE = O, f = 1.0 MHz) 


Noise Figure 
(Ic = 1.0 mAdc, VcE = 10 Vdc, f = 100 MHz, Rs = 50 ohms) 


Common-Emitter Amplifier Power Gain 
(Ic = 1.0 mAdc, VCE = 10 Vdc, f = 200 MHz) 
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25°C unless otherwise noted) 


ELECTRICAL CHARACTERISTICS (continued) (Ta 


Symbol | f = 10.7 MHz _f = 30 MHz f=100MHz | ~~ Unit | 


. TYPICAL ADMITTANCE PARAMETERS (Ic = 1.0 mAdc, VcE = 10 Vdc, frequency as stated) 
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FIGURE 2 — OUTPUT ADMITTANCE 


FIGURE 1 — INPUT ADMITTANCE 


(Output short circuit) 


(input short circuit) 
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FIGURE 3 — FORWARD TRANSFER ADMITTANCE 


FIGURE 4 — REVERSE TRANSFER ADMITTANCE 


(Input short circuit). - 


(Output short circuit) 
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thru 
BF393 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO {200}25 

Collector-Base Voltage VCBO- |{200/250/300 Vdc 

Emitter-Base Voltage Vepo {| 6.0 | Vdc _ 
Collector Current - Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C : mW/°C 
| lotal Device Dissipation @ Tc = 25°C | 
Derate above 25°C 











ie) 
WO 
oe) 
) 
< 
Q 
rs) 









SY 3 Collector 
2 
Bas 


e 


1 Emitter 


THERMAL CHARACTERISTICS 


Symbol 


HIGH VOLTAGE TRANSISTORS 


NPN SILICON 


Thermal Resistance, Junction to Ambient RgJA 200 
Thermal Resistance, Junction to Case RgJc 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 
[SSS aracteristig Symon Maxon 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) V(BR)CEO 
(I¢ = 1.0 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 pAdc, IE = O) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(Ie = 100 pAde, Ic = 0) 


Collector Cutoff Current 
(VcB = 160 Vdc, IF = O) 
(VcB = 200 Vdc, IE = O) 
(VcB = 200 Vdc, IE = O) 


Emitter Cutoff Current 
(Veg = 4.0 Vdc, Ic = 0) 
(VERB = 6.0 Vdc, Ic = 0) 
(VERB = 6.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 
DC Current Gain 


hFE 
(lc = 1.0 mAdc, VcE = 10 Vdc) All Types 25 
(lc = 10 mAdc, VcE = 10 Vdc) All Types 40 
Collector-Emitter Saturation Voltage VCE(sat) Vde 
(Ic = 20 mAdc, IB = 2.0 mAdc) 2.0 
Base-Emitter Saturation Voltage VBE(sat) Vde 
(Ic = 20 mA, IB = 2.0 mA) 2.0 


SMALL SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product fT MHz 
(Ic = 10 mAdc, VcE = 20 Vdc, f = 20 MHz) 50 

Common Emitter Feedback Capacitance Cre pF 
(VcB = 60 Vdc, IE = O, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width S 300 us, Duty Cycle S 2.0%. 
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BF420 
BF422 


CASE 29-04, STYLE 14 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Rating 


2 
| 


INS 


2 Collector 


Total Device Dissipation @T¢c = 25°C Watt 
Derate above 25°C mW/°C 


Operating and Storage Junction TJ, Tstg |-~55.to +150] °C 
Temperature Range 


THERMAL CHARACTERISTICS 


Symbol 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C mW /°C 


1 Emitter 
















HIGH VOLTAGE TRANSISTORS 


NPN SILICON” 


Thermal Resistance, Junction to Ambient RgJA 200 
Thermal Resistance, Junction to Case 


a : Refer to MPSA42 for graphs. 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted). 


Symbol_[ Min | Max | Unit 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage (1) V(BR)CEO Vde 
(lc = 1 mAdc, IB = QO) 300 
250 
V(BR)CBO | | Vde 
300 OO 
250 
V(BR)EBO Vde 
5.0 
5.0 : 
ICBO Adc 
| 0.01 
= Baie 


NFE 

50 

| oe | 4 50 

Collector-Emitter Saturation Voltage . VCE(sat) . Vdc 
(I¢ = 20 mAdc, IB = 2.0 mAdc) marae 0.5 

Base-Emitter Saturation Voltage VBE(sat) - Vdc 
(I¢ = 20 mA, IB = 2.0 mA) 2.0 






















Collector-Base Breakdown Voltage ae 
(Ic = 100 pAdc, IE = 0) BF420 
BF422 





Emitter-Base Breakdown Voltage 
(IE = 100 pAdc, Ic = 0) 















Collector Cutoff Current 
~ (VCR = 200 Vdc, IE = O) BF420 
BF422 








Emitter Cutoff Current 
(VeEp. = 5.0 Vde, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 25 mAdc, VCE = 20 Vdc) 








SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, VcgE = 10 Vdc, f = 20 MHz) 


Common Emitter Feedback Capacitance 
(VcB = 30 Vdc, IE = O, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle S 2.0%. 
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MAXIMUM RATINGS BF423 


PemiterBase Vortage =| ~“Vepo | 80 «| (de 

Collector Current — Continuous | ic =| 500 mAdc 

Total Device Dissipation @ Ta = 25°C a a mW 
Derate above 25°C 5.0 
1.5 


Total Device Dissipation @ Tc = 25°C Pp 
Derate above 25°C 





CASE 29-04, STYLE 14 
TO-92 (TO-226AA) 











2 Collector 














1 Emitter 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 

















HIGH VOLTAGE TRANSISTORS 


PNP SILICON 


Thermal Resistance, Junction to Ambient Raja 200 
Thermal Resistance, Junction to Case RgJc 


ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise noted) 


Characteristic | Symbot_| Min | Max [Unit 





Refer to MPSAQ2 for graphs. 





OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) V(BR)CEO 
(I¢ = —1.0 mAdc, Ig = 0) — 300 
— 250 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(ic = —100 pAdc, IE = 0) — 300 
— 250 


Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = —100 »Adc, Ic = 0) 


Collector Cutoff Current ICBO 
(VcB = —200 Vdc, IE = 0) 

Emitter Cutoff Current : 
(VER = —5.0 Vdc, Ic = 0) 

ON CHARACTERISTICS 

DC Current Gain hfe 
(IC = —25 mA, VcE = —20 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = —20 mAdc, Ip = —2.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = —20 mA, lp = —2.0 mA) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = —10 mAdc, VcE = —10 Vdc, f = 20 MHz 











Common Emitter Feedback Capacitance Cre 
(VcB = —30 Vdc, IE = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width < 300 ps, Duty Cycle = 2.0% 
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MAXIMUM RATINGS | 












[__—Rating ————~*d Symbol | wraat [ Br en2 [BFa08 | Unit 
[EmiterBese Votage ———~—~d eso | 80 Vdo 


c x 
Cc F 
c 
Total Device Dissipation @ Ta = 25°C mW 
mw/°C 
C 






Derate above 25°C 
Total Device Dissipation @ Tc = 25°C Watt 
Derate above 25°C mW/°C 


Operating and Storage Junction TJ, Tstg —55 to +150 
Temperature Range 


THERMAL CHARACTERISTICS 
| Characteristic | Symbol _| 


Thermal Resistance, Junction to Ambient 
ReJc 













Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
(I¢ = —1.0 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage 
(I¢ = —100 wAdc, IE = 0) 


Emitter-Base Breakdown Voltage 
(IE = —100 Adc, Ic = 0) 


Collector Cutoff Current 
(VcB = —160 Vdc, Ie = 0) 
(VcB = —200 Vdc, Ie = 0) 
(VcB = —200 Vdc, Ie = 0) 
Emitter Cutoff Current 
(VEB = —4.0 Vdc, Ic = 0) 
(VER = —6.0 Vdc, Ic = 0) 
(VERB = —6.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain ~ 
(I¢ = —1.0 mAdc, Vcg = —10 Vdc) 
(Ic = —10 mAdc, VcE = 10 Vdc) 
Collector-Emitter Saturation Voltage 
- (I¢ = —20 mAdc, Ip = —2.0 mAdc) 
Base-Emitter Saturation Voltage 
(I¢ = —20 mA, Ig = —2.0 mA) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(IC = —10 mAdc, Vcge = —20 Vdc, f = 20 MHz) 


All Types 
All Types 


Common Emitter Feedback Capacitance 
(VcB = —100 Vdc, Ig = 0, f = 1.0 MHz) 












BF491 
thru 
BF493 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


IS 


3 Collector . 


1 Emitter 


HIGH VOLTAGE TRANSISTORS 


PNP SILICON 





Refer to MPSAQ2 for graphs. 


V(BR)CBO 


V(BR)EBO 
ICBO 


VCE(sat) 


VBE(sat) 








(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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CASE 29-04, STYLE 1 


MAXIMUM RATINGS TO-92 (TO-226AA) 


PemiterBase Voltage ——=SS*'SCeo | 80 | Ve 

[catlector Current — Continuous | ic | 500 | mado 

Total Device Dissipation @ Ta = 25°C ra ei Watt 
Derate above 25°C 5.0 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 










SY 


3 Collector 








1 Emitter 







HIGH VOLTAGE TRANSISTOR 


PNP SILICON 







| Characteristic | Symbol 
Thermal Resistance, Junction to Ambient 200 
Thermal Resistance, Junction to Case R@Jc 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
po haracteristic | Symbot | Min | Max | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = —1.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage 
(Ic = —100 pAdc, IE = 0) 
Emitter-Base Breakdown Voltage 
(IE = —100 Adc, Ic = 0) 
Collector Cutoff Current 
(VcE = —250 Vdc) 
Emitter Cutoff Current 
(VERB = —6.0 Vdc, Ic = 0) 
Collector Cutoff Current 
(VcB = —250 Vdc, IE = 0, Ta = 25°C) 
(VcB = —250 Vdc, IE = 0, Ta = 100°C) 


ON CHARACTERISTICS 


DC Current Gain 
(IC = —1.0 mAdc, Vcg = —10 Vdc) 
(Ic = —10 mAdc, VcgE = —10 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = —20 mAdc, lp = —2.0 mAdc) 

Base-Emitter On Voltage 2 VBE(sat) 
(I¢ = —20 mA, Ip = —2.0 mA) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = —10 mAdc, VCE = —20 Vdc, f = 20 MHz) 





Refer to MPSAQ3 for graphs. 





Common-Emitter Feedback Capacitance 
(VcB = —100 Vdc, Ie = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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BF720T1* 


_ MAXIMUM RATINGS. 







CASE 318E-04, STYLE 1 | 
— (TO-261AA) 












Collector-Base Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage /Vepo | 5.0 | Vide 
150 


Rating < 


Collector-Emitter Voltage _ 









COLLECTOR 
2,4 


Collector Current 
Total Power Dissipation up to Ta = 25°C [ABO 

Storage Temperature Range | Tsig | 85104150 | oc 
i a ae ee 
DEVICE MARKING 7 SOT-223 PACKAGE 


2 aaa RENNER ARES NPN SILICON 


THERMAL CHARACTERISTICS Per lapel apes 
Thermal Resistance from Junction to Ambient* Baik 83.3 °C/W 


3 
3 
3 
4 


3 
EMITTER 


Junction Temperature 





*This is a Motorola 
designated preferred device. 


ELECTRICAL CHARACTERISTICS (Tj, = 25°C unless otherwise noted) 


Characteristic symbol | Min | Max | unit 


all Bak 
Collector-Base Breakdown Voltage V(BR)CBO ic kL 
(Ico = 100 wAde, IF = 0) 

~ Collector-Emitter Breakdown Voltage 300 oy ee 
(Ic = 100 Adc, Ree = 2.7 kQ) - . ; 

Emitter-Base Breakdown Voltage pe) ee pe 
(IE = 10 pAde, Ic = 0) | 

Collector-Base Cutoff Current ee eee 
(VcB = 200 Vde, IE = 0) 


Collector-Emitter Cutoff Current ICER 
90 nAdc 
10 Ade 


(VCE = 250 Vde, Rpg = 2.7 kQ) 


(VCE = 200 Vdc, Ree = 2.7 kQ, Ty = 150°C) 
ON CHARACTERISTICS 
DC Current Gain NFE 50 
(Ic = 25 mAdc, VCE = 20 Vde) . 
Collector-Emitter Saturation Voltage VCE(sat) _Vde_ . 
(Ic = 30 mAdc, Ip = 5.0 mAdc) . n 
DYNAMIC CHARACTERISTICS | 


Current-Gain — Bandwidth Product 
(I¢ = 10 mAdc, VcE = 10 Vde, f = 35 MHz) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 1.0 mAdc, Ip = 0) 
































Feedback Capacitance 
(VCE = 30 Vde, Io = 0, f = 1.0 MHz) 


* Device mounted on a glass epoxy printed circuit board 1.575 in. x 1.575 in. x 0.059 in.; mounting pad for the collector lead min. 0.93 in2. 
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MAXIMUM RATINGS 





Collector Current 












Total Power Dissipation up to Ta = 25°C* Pp* 


Storage Temperature Range — 65 to +150 
Junction Temperature 150 


DEVICE MARKING 


On ae se 


THERMAL CHARACTERISTICS 






Thermal Resistance from Junction to Ambient* 83.3 


°C/W 


OFF CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 





Collector-Emitter Breakdown Voltage 
(I¢ = — 1.0 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage 
(IC = — 100 wAdc, IE = 0) 
Collector-Emitter Breakdown Voltage 
(IC =— 100 pAdc, Rpg = 2.7 kQ) 
Emitter-Base Breakdown Voltage 
(IE =— 10 Adc, Ic = 0) 


Collector-Base Cutoff Current 
_ (VOB =— 200 Vdc, IE = 0) 


Collector-Emitter Cutoff Current 

(VCE =— 250 Vdc, Ree = 2.7 kQ) 

(VCE = — 200 Vdc, Rpg = 2.7 kQ, Ty = 150°C) 
ON CHARACTERISTICS 


DC Current Gain 
(VCE =— 25 mAdc, VcFE = — 20 Vdc) 
Collector-Emitter Saturation Voltage 
(I¢ = - 30 mAdc, Ip = — 5.0 mAdc) 
DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(VCE =— 10 Vde, Ic = — 10 mAdc, f = 35 MHz) 


Feedback Capacitance 
(VCE =— 30 Vdc, Ic = 0, f = 1.0 MHz) 


ee 


ICER 
— 50 
410 nAdc 
uAdc 


i ae 





BF721T1* 


CASE 318E-04, STYLE 1 
(TO-261AA) 







COLLECTOR 
2,4 








3 
EMITTER 







SOT-223 PACKAGE — 
PNP SILICON 
TRANSISTOR 

SURFACE MOUNT 








*This is a Motorola 
designated preferred device. 


Symbot [win [wax 


(iat Gell ell Rol 
50 


nAdc 








* Device mounted on a glass epoxy printed circuit board 1.575 in. x 1.575 in. x 0.059 in.; mounting pad for the collector lead min. 0.93 in. 
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BF844 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Collector-Emitter Voltage Vceo. | 400. *(| vide 
Collector-Base Voltage VcBO | 450 | Vd 
Vdc 


Emitter-Base Voltage VEBO 
mw 
mWw/°C 





















INS 


3 Collector 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Operating and Storage Junction —55 to +150 i 
Temperature Range 
THERMAL CHARACTERISTICS | HIGH VOLTAGE 


Collector Current — Continuous Ic 
Total Device Dissipation @ Tc = 25°C 1.5 
Derate above 25°C 12 
| Characteristic | Symbol _ TRANSISTOR 
Thermal Resistance, Junction to Ambient NPN SILICON 








Thermal Resistance, Junction to Case ReJc 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbot | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(I¢ = 1.0 mAdc, Ip = 0) . 


Collector-Emitter Breakdown Voltage 
(I¢ = 100 wAdc, Vge = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(I¢ = 100 wAdc, Ig = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(ig = 10 wAdc, I¢ = 0) 

Collector Cutoff Current | ICBO 

| (VcB = 400 Vdc, Ig = 0) | 

Collector Cutoff Current ICES 

(VcE = 400 Vdc, Vee = 0) 


Emitter Cutoff Current 
(VER = 4.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain (1) 
(Ic = 1.0 mAdc, Vcge = 10 Vdc) 
(Ic = 10 mAdc, Veg = 10 Vdc) 
(ic = 50 mAdc, VcF = 10 Vdc) 
(ic = 100 mAdc, VcgE = 10 Vdc) 


Collector-Emitter Saturation Voltage (1) VCE(sat) 
(Ic = 1.0 mAdc, Ig = 0.1 mAdc) 
(Ic = 10 mAdc, Ig = 1.0 mAdc) 
(Ic = 50 mAdc, Ip = 5.0 mAdc) = 


Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 10 mAdc, Ig = 1.0 mAdc) 





Refer to MPSA44 for graphs. 






(1) Pulse Test: Pulse Width S 300 us, Duty Cycle = 2.0%. 
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BF844 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
[Characteristic Symbt |MinMe| 
DYNAMIC CHARACTERISTICS 


High Frequency Current Gain 
(Il¢ = 10 mAdc, Vcg = 10 Vde, f = 20 MHz) 


Collector-Base Capacitance | 
(VcB = 20 Vdc, IE = 0, f = 1.0 MHz) 


Emitter-Base Capacitance 


(VER = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 
Turn-On Time 
(Vcc = 150 Vdc, VBE(off) = 4.0 V, 
Ic = 30 mAdc, Ip = 3.0 mAdc) 
Turn-Off Time 
(Vcc = 150 Vde, Ic = 30 mAdc, Ig1 = Ip2 = 3.0 mAdc) 





FIGURE 1 — DC CURRENT GAIN FIGURE 2 — COLLECTOR SATURATION REGION 
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—BF959 


CASE 29-04, STYLE 21 
TO-92 (TO-226AA) 


~ MAXIMUM RATINGS 








[Rating | Symbol | Value | Unit 
Vde 
Collector Current — Continuous IC 

.O 

BS) 

12 


Tota! Device Dissipation @Ta = 25°C «625 mW 
Derate above 25°C 5 mW /°C 

Total Device Dissipation @Tc = 25°C eee 1 

Operating and Storage Junction Ty, Tstg -55 to +150 eC | 
Temperature Range 


Derate above 25°C 
THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Ambient R@JA | 200 
Thermal Resistance, Junction to Case RgJjc e838 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Symbol | Min. | Wp] Max | Unit_| 
OFF CHARACTERISTICS — 
Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 1.0 mAdc, IB = O) 20 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 pAdc, IE = O) . 30 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 pAdc, Ic = 0) . 3.0 
Collector Cutoff Current ICBO 
(VCB = 20 Vdc, IE = O) 


ON CHARACTERISTICS 


DC Current Gain NFE 
(Ic = 5 mAdc, VcE = 10 Vdc) 35 
(Ic = 20 mAdc, VCE = 10 Vdc) 40 
Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 30 mAdc, IB = 2.0 mAdc) 
Base-Emitter Saturation Voltage - VBE(sat) 
(Ic = 30 mAdc, IB = 2.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 20 mAdc, VcE = 10 Vdc, f = 100 MHz) 
(Ic = 30 mAdc, VcE = 10 Vdc, f = 100 MHz) 


Common Emitter Feedback Capacitance 
(VCB = 10 Vdc, P¢ = 0, f = 10 MHz) 


Noise Figure 
(Ic = 4 mA, VcE = 10 V, Rs = 50 Q, f = 200 MHz) 







Ss, 1 Collector 










2 Emitter 









VHF TRANSISTOR 


NPN SILICON 
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FIGURE 1 — Hfe AT 10 V 
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FIGURE 5 — INPUT IMPEDANCE AT 30 MHz 
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FIGURE 2 — VCE Sat AT IC/1B = 10 
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FIGURE 6 — OUTPUT IMPEDANCE AT 30 Miz . 
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BSP16T1* 


CASE 318-04, STYLE 1_ 
(TO-261AA) 


MAXIMUM RATINGS 
_ Rating © 


[ceo [900 [vee 


Collector-Emitter Voltage 2 


Collector-Base Voltage COLLECTOR 


Emitter-Base Voltage 2,4 


Collector Current - 


Base Current _ 


Total Power Dissipation; Ta = 25°C* 


3 


Storage Temperature Range 
EMITTER 


Junction Temperature °C 


DEVICE MARKING SOT-223 PACKAGE 
aa , PNP SILICON 
3 HIGH VOLTAGE TRANSISTOR 
SURFACE MOUNT 





THERMAL CHARACTERISTICS 
Thermal Resistance from Junction to Ambient* 83.3 oC MW 





*This is a Motorola 
designated preferred device. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO — 300 
- (Il¢ =- 50 mAdc, Ip = 0, L = 25 mH) | 
Collector-Base Breakdown Voltage | ~ V(BR)CBO — 300 
(Ic =— 100 pAde, IE = 0) . . 
Collector-Emitter Cutoff Current . ICEO 
(VCE = — 250 Vdc, Ip = 0) 


Collector-Base Cutoff Current 
(VCB = — 280 Vdc, IE = 0) 


Emitter-Base Cutoff Current . 
(VEB = — 6.0 Vdc, Ic = 0) . 
ON CHARACTERISTICS , 
DC Current Gain . . , hee 
(VCE = — 10 Vde, Ic = — 50 mAdc) 
Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ =- 50 mAde, Ip = — 5.0 mAdc) : 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(VCE = - 10 Vde, Ic = -— 10 mAde, f = 30 MHz) 





Collector-Base Capacitance 
(VcB = — 10 Vde, IE = 0, f = 1.0 MHz) 


- * Device mounted on a glass epoxy printed circuit board. 1.575 in. x 1.575 in. x 0.059 in.; mounting pad for the collector lead min. 0.93 in2. 
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MAXIMUM RATINGS 


[Rating «Symbol 
Collector-Emitter Voltage VCEO Vdc 


Collector-Emitter Voltage 
Rpe = 10 kO 


Collector Current — Continuous 






BSS63LT1 


CASE 318-07, STYLE 6 
THERMAL CHARACTERISITCS SOT-23 (TO-236AB) 


Characteristic 


Total Device Dissipation FR-5 Board,* 
TA = 25°C 
Derate above 25°C 


Thermal Resistance, Junction to Ambient 


Tota! Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 


Thermal Resistance, Junction to Ambient Raja 
Junction and Storage Temperature Ty, Tstq —55 to +150 


*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


DEVICE MARKING 
BSS63LT1 = T1 








3 Collector 







2 Emitter 











HIGH VOLTAGE TRANSISTOR 


PNP SILICON 











ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Collector-Emitter Breakdown Voltage 


V(BR)CEO — 100 Vde 

(lc = —100 pAdc) 

Collector-Emitter Breakdown Voltage V(BR)CER —110 Vde 
(lc = —10 wAdc, IE = 0, Rpg = 10 kQ) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(IE = —10 Adc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = —10 wAdc) 

Collector Cutoff Current ICBO — 100 nAdc 
(VcgB = —90 Vdc, Ig = 0) 

Collector Cutoff Current ICER - 10 peAdc 
(VceE = —110 Vdc, Rpg = 10 kQ) 

ia 





OFF CHARACTERISTICS 















Emitter Cutoff Current 
(VERB = —6.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = —10 mAdc, VcE 
(Ic = —25 mAdc, VcE 






Coilector-Emitter Saturation Voltage 
(Ic = —25 mAdc, Ip = —2.5 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = —25 mAdc, Ip = —2.5 mAdc) 





SMALL-SIGNAL CHARACTERISTICS 


Current-Gain Bandwidth Product 
(Ic = —25 mAdc, VcE = —5.0 Vde, f = 20 MHz) 


Case Capacitance 


(l—E = lc = 0, V¢B = —10 Vdc, f = 1.0 MHz) 
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MAXIMUM RATINGS 
soe 
Collector-Base Voltage ae 
ee ee 
| a a ee ae 













CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) — 


THERMAL CHARACTERISTICS 


Symbol_[ Max | 


Total Device Dissipation FR-5 Board,* mW 
Ta = 25°C 
Derate above 25°C mWw/°C 


Thermal Resistance Junction to Ambient RgJA S88 _ | sc 


Total Device Dissipation 
Alumina Substrate,** Ta = 25°C | 
Derate above 25°C 2.4 mWw/°C 


ae] 

| 

eats BSSG64LT1 
. 


‘ 3 Collector 


(2 Emitter. 


Thermal Resistance Junction to Ambient RaJA | az °C/W 
Junction and Storage Temperature ~55 to +150 


*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. DRIVER TRANSISTOR 
NPN SILICON 
DEVICE MARKING 
BSS64LT1 = AM 











ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic Symbol | Min | Max | _Unit_| 
OFF CHARACTERISTICS | 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(I¢ = 4.0 mA) 

Collector-Base Breakdown Voltage | V(BR)CBO 120 Vdc 
‘(I¢ = 100 pA) 

Emitter-Base Breakdown Voltage : V(BR)EBO Vdc 
(IE = 100 wA) 


Collector Cutoff Current 
(VceE = 90 V) 
(Ta = 150°C) 

Emitter Cutoff Current 
(Veg = 4.0V) 


ON CHARACTERISTICS 


DC Current Gain 
(VcE = 1.0 V, Ic = 10 mA) 
Collector-Emitter Saturation Voltage 
(Ic = 4.0 mA, Ip = 400 pA) 
(Ic = 50 mA, iB = 15 mA) 











SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product | 
(I¢ = 4.0 mA, Vcge = 10 V, f = 20 MHz) 


Output Capacitance 
(Vcg = 10 V, f = 1.0 MHz) 
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MAXIMUM RATINGS 
[Rating iC 


Collector Current — Continuous 











BSV52LT1 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 


Total Device Dissipation FR-5 Board,* 
Ta = 25°C 


Derate above 25°C 3 Collector 


Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 


2 Emitter 





*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. SWITCHING TRANSISTOR 


NPN SILICON 
DEVICE MARKING : 


BSV52LT1 = B2 








ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit _| 
OFF CHARACTERISTICS | 


Collector-Emitter Breakdown Voltage 
(I¢ = 1.0 mAdc) 








Collector Cutoff Current 


(Vcp = 10 Vdc, Ip = 0) 
(Vcp = 10 Vde, Ip = 0, Ta = 125°C) 





ON CHARACTERISTICS 












DC Current Gain 
(I¢ = 1.0 mAdc, VcE = 1.0 Vdc) 
(I¢ = 10 mAde, VcgE = 1.0 Vdc) 
(I¢ = 50 mAdc, Vce = 1.0 Vdc) 
Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ig = 300 pwAdc) 
(i¢ = 10 mAdc, Ig = 1.0 mAdc) 
(Ic = 50 mAdc, Ip = 5.0 mAdc) 
Base-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
(I¢ = 50 mAdc, Ig = 5.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(i¢ = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 


Output Capacitance 
(Vcp = 5.0 Vde, Ie = 0, f = 1.0 MHz) 


Input Capacitance 
(VERB = 1.0 Vdc, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Storage Time 
(lc = IB1 = IB2 = 10 mAdc) 
























tt 


VCE(sat) | mVde 
300 
250 
400 

VBE(sat) mVde 
700 850 

















Turn-On Time 


(VBE = 1.5 Vdc, Ic = 10 mAde, Ip = 3.0 mAdc) 


Turn-Off Time 
(i¢ = 10 mAdc, Ig = 3.0 mAdc) 
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MAXIMUM RATINGS 










THERMAL CHARACTERISITCS 


Total Device Dissipation FR-5 Board,* 
Ta = 25°C 
Derate above 25°C 


Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C ~ 





*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


DEVICE MARKING 
MMBT404ALT1 = 2N- 





ELECTRICAL CHARACTERISTICS (Tp, = 25°C unless otherwise noted.) 
Characteristic 








OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = —10 mAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = —10 pAdc, IE = 0) 


Emitter-Base Breakdown Voltage 
(le = —10 wAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = —10 Vdc, Ig = 0) 


Emitter Cutoff Current 
(VERB = —10 Vde, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(IC = —12 mAdc, VcE = —0.15 Vdc) 


Collector-Emitter Saturation Voltage 
(I¢ = —12 mAdc, lp = —0.4 mAdc) 
(I¢ = —24 mAdc, lp = —1.0 mAdc) 


Base-Emitter Saturation Voltage 
(I¢ = —12 mAdc, Ip = -0.4 mAdc) 
(Ic = —24 mAdc, Ig = — 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = —6.0 Vde, Ie = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Delay Time 
(Vcc = —10 Vde, Ic = —10 mAdc) (Figure 1) 


Rise Time 
(igi = —1.0 mAdc, VBE\(off) = — 14 Vdc) 





Storage Time 
(Vcc = —10 Vdc, I¢ = —10 mAdc) 


Fall Time 
(IR31 = IB2 = —1.0 mAdc) (Figure 1) 


‘MMBT404ALT1* 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 


3 Collector 


2 Emitter 


CHOPPER TRANSISTOR 


PNP SILICON 


This is a Motorola 
designated preferred device. 





| | Symbot_| Min | Typ | Max | Unit _| 
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MMBT404ALT1 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 


VBB Vcc = -—10V 


1.0 k 


To Scope 





Vin VBB 
(Volts) (Volts) 





tomthte | = 12 | ta 
toft.tsandty | +206 | -116 | 


Voltages and resistor values shown are 
for lc = 10 mA, Ic/Ip = 10 and |p, = Ip2 
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MAXIMUM RATINGS 









Rating 
Collector-Emitter Voltage 


Collector- VcBO 
Emitter-Base Voltage VEBO 
Collector Current — Continuous SS ae: oe 


THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max | Unit 


Total Device Dissipation FR-5 Board,* ae 


Ta = 25°C 
Derate above 25°C 

Thermal Resistance Junction to Ambient ReJA | 556 | -cw | 

Total Device Dissipation mW 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 


Thermal Resistance Junction to Ambient 
Junction and Storage Temperature —55 to +150 


*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


| Symbol _ 








Base Voltage 


































DEVICE MARKING 
MMBT918LT1 = M3B 





ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 
Characteristic 





OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 3.0 mAdc, Ig = 0) 

Collector-Base Breakdown Voltage 
(I¢ = 1.0 wAde, IE = 0) 


Emitter-Base Breakdown Voltage 
(IE = 10 pAde, Ic = 0) 


Collector Cutoff Current 
(VcB = 15 Vde, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(i¢ = 3.0 mAdc, VcE = 1.0 Vdc) 


Collector-Emitter Saturation Voltage 


(Ic = 10 mAde, Ig = 1.0 mAdc) 
Base-Emitter Saturation Voltage 

(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 

(Ic = 4.0 mAdc, VcE = 10 Vde, f = 100 MHz) 
Output Capacitance 

(VcB = 0 Vdc, Ig = 0, f = 1.0 MHz) 

(VcB = 10 Vde, Ie = 0, f = 1.0 MHz) 
Input Capacitance 

(Veg = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 








Noise Figure 
(I¢ = 1.0 mAdc, VcE = 6.0 Vde, Rg = 502, 
f = 60 MHz) (Figure 1) 


Power Output 
(I¢ = 8.0 mAdc, VcB = 15 Vdc, f = 500 MHz) 


Common-Emitter Amplifier Power Gain 
(I¢ = 6.0 mAdc, Veg = 12 Vde, f = 200 MHz) 





MMBT918LT1 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 


3 Collector 


2 Emitter 


VHF/UHF TRANSISTOR 


NPN SILICON 





dc 
V(BR)EBO Vde 
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MMBT918LT1 


FIGURE 1 — NF, Gpe MEASUREMENT CIRCUIT 20-200 





VBB Vcc 
EXTERNAL | 
100k )\( 1000 pF Bypass 
yi 


0.018 yF 0 


50 
3 G 
0.018 wF 


0.018 wF 

NF Test Conditions 
Ic = 1.0 mA 
VcE = 6.0 Volts 
Rs = 500 
f = 60 MHz 

Gpe Test Conditions 
Ic = 6.0 mA 
VCE = 12 Volts 
f = 200 MHz 
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MAXIMUM RATINGS 


Symbol! 
Collector-Emitter Voltage VCEO 30 















Emitter-Base Voltage VEBO 


THERMAL CHARACTERISTICS 


Total Device Dissipation FR-5 Board,* 
Ta = 25°C 
Derate above 25°C 


Thermal Resistance Junction to Ambient R@JA 


Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 
















Junction and Storage Temperature 
*FR-5 = 1.0 x 0.75 x 0.062 in. . 


**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 





DEVICE MARKING 
MMBT2222LT1 = M1B; MMBT2222ALT1 = 1P 


MMBT2222 | MMBT2222A 
30 | |e 

Collector-Base Voltage VCBO = ee ee ae V 
| 50 | eo |v 


Collector Current — Continuous | tc | 600 


225 mw 
1.8 mW/°C 
417 













Bee 7 


Thermal Resistance Junction to Ambient R@JA | az | cw - 


= 


=55 to +150 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Cc 
Cc 


MMBT2222LT1 
MMBT2222ALT1* 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 


3 Collector 


2 Emitter 


GENERAL PURPOSE 
TRANSISTORS 


NPN SILICON 


*This is a Motorola 
designated preferred device. 





Refer to MPS2222 for graphs. 








Characteristic 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 10 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage 
(lc = 10 pAdc, Ie = 0) 


Emitter-Base Breakdown Voltage 
(l—E = 10 Adc, Ic = 0) 


Collector Cutoff Current 
(VcE = 60 Vdc, VEB(off) = 3.0 Vdc) 


Collector Cutoff Current 
(VcB = 50 Vdc, IE = 0) 
(VcB = 60 Vdc, Ig = 0) 
(VcB = 50 Vde, IE = 0, Ta = 125°C) 
(Vcp = 50 Vdc, Ie = 0, Ta = 125°C) 


Emitter Cutoff Current 
(VER = 3.0 Vdc, Ic = 0) 


Base Cutoff Current 
(VcE = 60 Vde, VEB(oft) = 3.0 Vdc) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 0.1 mAdc, VcE 
(i¢ = 1.0 mAdc, VcgE = 10 Vdc) 
= 10 mAdc, VcE = 10 Vdc) 
(i¢ = 10 mAdc, VcE = 10 Vde, Ta = —55°C) 
(Ic = 150 mAdc, Veg = 10 Vde)(1) 
(I¢ = 150 mAdc, VcE = 1.0 Vdc)(1) 
(I¢ = 500 mAdc, VcE = 10 Vdc)(1) 


10 Vdc) 


Collector-Emitter Saturation Voltage(1) 
(I¢ = 150 mAdc, Ig = 15 mAdc) 


(Ic = 500 mAdc, Ip = 50 mAdc) 


Note: “LT1” must be used when ordering SOT-23 devices. 


MMBT2222 _ 
MMBT2222A 


MMBT2222 
MMBT2222A 


MMBT2222 
MMBT2222A 


MMBT2222A 


MMBT2222 
MMBT2222A 
MMBT2222 
MMBT2222A 


MMBT2222A 


MMBT2222A 


MMBT2222A only 


MMBT2222 
MMBT2222A 


MMBT2222 
MMBT2222A 


MMBTS2222 
MMBT2222A 





[Symbot [win [Max [Une] 


_ Pe | - |") 
V(BR)CBO Vde 
60 
75 
on pa | - | 
ICBO pAdc 
0.01 
10 
10 
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MMBT2222LT1, ALT1 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit | 





Base-Emitter Saturation Voltage(1) VBE(sat) 
(I¢ = 150 mAdc, Ig = 15 mAdc) MMBT2222 
| MMBT2222A 
(I¢ = 500 mAdc, Ip = 50 mAdc) MMBT2222 
MMBT2222A 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(I¢ = 20 mAdc, VcE = 20 Vdc, f = 100 MHz) MMBT2222 
MMBT2222A 
Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 


Input Capacitance 
(VEB = 0.5 Vdc, Ic = 0, f = 1.0 MHz) MMBT2222 
MMBT2222A 





Input Impedance 
(I¢ = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) MMBT2222A 
(I¢ = 10 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) MMBT2222A 


Voltage Feedback Ratio 
(I¢ =.1.0 mAdc, Vcf = 10 Vde, f = 1.0 kHz) MMBT2222A 
(Ic = 10 mAdc, Vcf = 10 Vdc, f = 1.0 kHz) MMBT2222A 


Small-Signal Current Gain 

(i¢ = 1.0 mAdc, Vcg = 10 Vde, f = 1.0 kHz) MMBT2222A 

(I¢ = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MMBT2222A 
Output Admittance 

(I¢ = 1.0 mAdc, VcgE = 10 Vde, f = 1.0 kHz) MMBT2222A 

(Ic = 10 mAdc, Vce = 10 Vdc, f = 1.0 kHz) MMBT2222A 
Collector Base Time Constant 

(IE = 20 mAdc, Vcg = 20 Vdc, f = 31.8 MHz) MMBT2222A 
Noise Figure 

(I¢ = 100 wAdc, Vcg = 10 Vde, Rg = 1.0 kQ, f = 1.0 kHz) MMBT2222A 


SWITCHING CHARACTERISTICS MMBT2222A only 


: ae ee 
a a 





(Voc = 30 Vdc, I¢ = 150 mAde, 
Fall Time ig1 = Ip2 = 15 mAdc) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
(2) fy is defined as the frequency at which [hfe] extrapolates to unity. 
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MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Emitter Voltage 


-MMBT2369LT1 
MMBT2369ALT1* 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 


Collector-Base Voltage 


Emitter-Base Voltage 
Collector Current — Continuous 












3 Collect 
Total Device Dissipation FR-5 Board,* ollector 


Ta = 25°C 
Derate above 25°C 






Total Device Dissipation 2 Emitter 


Alumina Substrate,** Ta = 25°C 
Derate above 25°C 


Thermal Resistance Junction to Ambient 
Junction and Storage Temperature 


*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


DEVICE MARKING 
MMBT2369LT1 = M1J MMBT2369ALT1 = 1JA 





SWITCHING TRANSISTORS 


NPN SILICON 


*This is a Motorola 
designated preferred device. 





Refer to 2N2369 in Section 3 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | [symbor [min [tye | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) V(BR)CEO Vdc 
(Ic = 10 mAdc, Ip = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(i¢ = 10 wAdc, VBE = 0) | 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 10 wAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 


(IE = 10 wAde, Ic = 0) 


Collector Cutoff Current 
(VcB = 20 Vdc, Ie = 0) 
(VcB = 20 Vde, Ie = 0, Ta = 150°C) 


Collector Cutoff Current 




























(VCE = 20 Vdc, VpE = 0) MMBT2369A 
ON CHARACTERISTICS 
DC Current Gain(1) hFE —_ 
(Ic = 10 mAdc, VcE = 1.0 Vdc) MMBT2369 
(i¢ = 10 mAdc, VcE = 1.0 Vdc) MMBT2369A 
(Ic = 10 mAdc, VcE = 0.35 Vdc) MMBT2369A 
(Ic = 10 mAdc, Vce = 0.35 Vdc, Ta = —55°C) MMBT2369A 
(Ic = 30 mAdc, VcgE = 0.4 Vdc) MMBT2369A 
(Ic = 100 mAdc, VcgE = 2.0 Vdc) MMBT2369 
(ic = 100 mAdc, VcE = 1.0 Vdc) MMBT2369A 
Coliector-Emitter Saturation Voltage(1)  VCE(sat) Vdc 
(ic = 10 mAde, Ig = 1.0 mAdc) MMBT2369 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) MMBT2369A 
(ic = 10 mAdc, Ig = 1.0 mAdc, Ta = +125°C) MMBT2369A 
(I¢ = 30 mAdc, Ig = 3.0 mAdc) MMBT2369A 
(i¢ = 100 mAdc, Ig = 10 mAdc) MMBT2369A 
Base-Emitter Saturation Voltage(1) Vdc 






(I¢ = 10 mAdc, Ip = 1.0 mAdc) ~  _MMBT2369,A 
(ic = 10 mAdc, Ig = 1.0 mAdc, Ta = —55°C) MMBT2369A 
(I¢ = 30 mAdc, Ip = 3.0 mAdc) MMBT2369A 





VBE(sat) 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


(i¢ = 100 mAdc, Ig = 10 mAdc) MMBT2369A 








2-158 


MMBT2369LT1, ALT1 


‘ 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbot | min | typ | Max | Unit, | 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 5.0 Vdc, le = 0, f = 1.0 MHz) 


Small Signal Current Gain 
(Ic = 10 mAdc, VcE = 10 Vdc, f = 100 MHz) 


SWITCHING CHARACTERISTICS 


Storage Time 
(Ig1 =!B2 = I¢ = 10 mAdc) 





Turn-On Time 


(Vcc = 3.0 Vdc, ic = 10 mAdc, ig, = 3.6 mAdc) 


Turn-Off Time 
(Vcc = 3.0 Vde, Ic = 10 mAdc, lg, = 3.0 mAdc, IB2 = 1.5 mAdc) 
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MAXIMUM RATINGS is 3 
Collector-Emitter Voltage | -Vceo | 60 | Vde_ | 
Collector-Base Voltage ae | Vcpo | 60 | Vde_ | 
Temiterase Votage ————~—«dt—Vewo | 60 —*«| vee — 








MMBT2484LT1 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 












Total Device Dissipation FR-5 Board,* 3 Collector 


TA = 25°C 
Derate above 25°C 

















Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 


Derate above 25°C : . : 
Thermal Resistance Junction to Ambient R@JA 
Junction and Storage Temperature —55 to +150 


*FR-5 = 1.0 x 0.75 x 0.062 in. 
** Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


2 Emitter 









LOW NOISE TRANSISTOR 


NPN SILICON 


DEVICE MARKING | 
MMBT2484LT1 = 1U | Refer to MPSA18 for graphs. 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbol | Min [| Max | Unit _| 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 

_ (l¢ = 10 mAdc, Ig = 0) 

Collector-Base Breakdown Voltage | V(BR)CBO Vde 
(I¢ = 10 wAde, Ie = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(Ie = 10 pAdc, Ic = 0) 


Collector Cutoff Current ICBO 
(VcR = 45 Vdc, Ip = 0) | nAdc 
(VcB = 45 Vdc, Ie = 0, Ta 150°C) Adc 


Emitter Cutoff Current 
(Veg = 5.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 1.0 mAdc, VcE = 5.0 Vdc) 
(I¢ = 10 mAdc, VcE = 5.0 Vdc) 











Collector-Emitter Saturation Voltage 
(I¢ = 1.0 mAdc, Ig = 0.1 mAdc) 


Base-Emitter On Voltage 
(I¢ = 1.0 mAdc, VcgE = 5.0 Vdc) 





SMALL-SIGNAL CHARACTERISTICS 












Output Capacitance Cobo pF 
(VcB = 5.0 Vde, le = 0, f = 1 MHz) 
Input Capacitance . Cibo pF 
(Veg = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 











Noise Figure 


(Ic = 10 pAdc, Vcg = 5.0 Vde, Rg = 10 kO, f = 1.0 kHz, BW = 200 Hz) 
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MAXIMUM RATINGS 


FCollectoremiver vorage | Veeo | 40 | 60 | Vdc 
[collector-Bese Voltage ————~«dt‘ Vea | SCS 
Emitter-Base Voltage | Vepo | i -5.0—s*” 
[collector Current— Continuous | _tc | 600 —*| 


THERMAL CHARACTERISTICS 


















Total Device Dissipation FR-5 Board,* 
Ta = 25°C 
Derate above 25°C 






Totai Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 


2.4 
Thermal Resistance Junction to Ambient RaJA 
Junction and Storage Temperature —55 to +150 


*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


DEVICE MARKING 
MMBT2907LT1 = M2B MMBT2907ALT1 = 2F 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 





OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(I¢ = —10 mAdc, Ig = 0) MMBT2907 


MMBT2907A 


Collector-Base Breakdown Voltage 
(Ic = —10 pAdc, IE = 0) 


Emitter-Base Breakdown Voltage 
(l—E = —10 pAdc, ic = 0) 


Collector Cutoff Current 
(VcE = —30 Vdc, VEB(offt) = —0.5 Vdc) 


Collector Cutoff Current 
(VcB = —50 Vdc, Ie = 0) MMBT2907 
MMBT2907A 
(VcB = —50 Vdc, IE = 0, Ta = 125°C) MMBT2907 
MMBT2907A 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = —0.1 mAdc, VcF — 10 Vdc MMBT2907 


MMBT2907A 


(i¢ = —1.0 mAde, VcE = —10 Vdc) MMBT2907 
MMBT2907A 


MMBT2907 
MMBT2907A 


(Ic = —10 mAdc, VcgE = —10 Vdc) 


MMBT2907 
MMBT2907A 


(ic = —150 mAdc, Vcg = —10 Vde)\1) 


(I¢ = -500 mAdc, Vcg = — 10 Vde)(1) MMBT2907 


MMBT2907A 


Collector-Emitter Saturation Voltage(1) 
(Ic = —150 mAdc, Ig = —15 mAdc) 
(Ic = —500 mAdc, Ig = —50 mAdc) 


Base-Emitter Saturation Voltage(1) 
(Ic = —150 mAdc, Ip = —15 mAdc) 
(Ic = —500 mAdc, Ip = —50 mAdc) 
Note: “LT1” must be used when ordering SOT-23 devices. 


MMBT2907/LT1 
MMBT2907ALT1* 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 


3 Collector 


a: 


41 
2 
2 Emitter 


GENERAL PURPOSE 
TRANSISTORS 


PNP SILICON 


*This is a Motorola 
designated preferred device. 





Refer to MPS2907 for graphs. 


V(BR)CEO V 
—40 
—~60 

V(BR)CBO 


dc 
Vdc 


VCE(sat) 
VBE(sat) 
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_ MMBT2907LT1, ALT1 





ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 






‘ Characteristic 
SMALL-SIGNAL CHARACTERISTICS | 


Current-Gain — Bandwidth Product(1),(2) 
(Ic = —50 mAdc, Vcg = —20 Vdc, f = 100 MHz) 


Output Capacitance 


(VcB = —10 Vdc, Ip = 0, f = 1.0 MHz) 


Input Capacitance 
(VERB = —2.0 Vde, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


: Vcc = ~30 Vdc, Ic = — 150 mAdc, 
Delay Time B1 = —15 mAdc) 
| 
aa —6.0 Vdc, lc = -— 150 mAdc, | 
Delay Time Bo = —15 mAdc) 


Rise Time 








(1) Pulse Test: Pulse Width < 300 ws, Duty Cycle < 2.0%. 
(2) fy is defined as the frequency at which |h¢el extrapolates to unity. 
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MAXIMUM RATINGS 


MMBT3640LT1* 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 


3 Collect 
Total Device Dissipation FR-5 Board,* —— 


Ta = 25°C 
Derate above 25°C 


Total Device Dissipation 2 Emitter 


Alumina Substrate,** Ta = 25°C 
Derate above 25°C 





‘SWITCHING TRANSISTOR 


PNP SILICON 





*FR-5 = 1.0 x 0.75 x 0.062 in. 


**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. AThis i Mot re ted 
isis a otorola designate 


preferred device. 





DEVICE MARKING 
MMBT3640LT1 = 2J Refer to MPS3640 for graphs. 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = — 100 wAdc, Vege = 0) V(BR)CES | 12, | — Vd 
Collector-Emitter Sustaining Voltage(1) (Ic = —10 mAdc, Ip = 0) VCEO(sus) SS ee ee 


Collector-Base Breakdown Voltage (Ic = — 100 Adc, IE = 0) V(BR)CBO 


Emitter-Base Breakdown Voltage (Ip = —100 »Adc, Ic = 0) V(BR)EBO es 


Collector Cutoff Current (Vce = —6.0 Vdc, Veg = 0) ICES 
(VcE = —6.0 Vdc, Vee = 0, Ta = 65°C) 


Base Current (Vcgp = —6.0 Vdc, Veg = 0) | ig 


ON CHARACTERISTICS(1) 
DC Current Gain (Ic = —10 mAdc, Vcge = —0.3 Vdc) hre 30. 
(Ic = -—50 mAdc, VcgE = —1.0 Vde 20 
Collector-Emitter Saturation Voltage (Ic = —10 mAdc, Ip = —1.0 mAdc) VCE(sat) 
(l¢ = —50 mAdc, Ip = —5.0 mAdc) 
(Ic =-—10 mAdc, Ip = —1.0 mAdc, Ta = 65°C) 
Base-Emitter Saturation Voltage (Ic = —10 mAdc, lp = —0.5 mAdc) VBE(sat) 
(i¢ = —10 mAdc, lp = —1.0 mAdc) 
(I¢ = —50 mAdc, IR = —5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = —10 mAdc, VcE = —5.0 Vdc, f = 100 MHz) 








Input Capacitance (Veg = —0.5 Vdc, Ic = 0, f = 1.0 MHz) 
SWITCHING CHARACTERISTICS 


(Vcc = —6.0 Vdc, lc = —50 mAdc, VEBioff) = — 1.9 Vde, 


Turn-On Time 
(Vcc = —6.0 Vdc, Ic = -—50 mAdc, VEB(off) = —1.9 Vde, Ig1 = —5.0 mAdc) 
(Vcc = —1.5 Vde, Ic = —10 mAdc, ig, = —0.5 mAdc) 


Turn-Off Time 
(Vcc = —6.0 Vdc, Ic = -50 mAdc, VeBioff) = —1.9 V, IB1 = IBg = —5.0 mAdc) 
(Vcc = —1.5 Vde, Ic = —10 mAdc, Ip = Ip2 = —0.5 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 



















(Vcc = —6.0 Vdc, Ic = —50 mAdc, |p; = Ip2 
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MAXIMUM RATINGS 






Collector-Emitter Voltage © ' VCEO a 


Collector-Base Voltage | VcBO 
Emitter-Base Voltage sy. 
Collector Current — Continuous 
THERMAL CHARACTERISTICS 


. Characteristic 


Total Device Dissipation FR-5 Board,* 
TA = 25°C 
Derate above 25°C. 


Thermal Resistance Junction to Ambient 


Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 


Thermal Résistance Junction to Ambient 


Junction and Storage Temperature 


*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x.0.3 x 0.024 in. 99.5% alumina. 






DEVICE MARKING 
MMBT3904LT1 = 1AM . 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
Ch 








MMBT3904LT1* 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 


3 Collector 


2 Emitter 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


. *This is a Motorola 
designated preferred device. 





Refer to 2N3903 for graphs. 





aracteristic 
OFF CHARACTERISTICS | 


Collector-Emitter Breakdown Voltage(1) 
(I¢ = 1.0 mAdc, Ip = 0) . 


Collector-Base Breakdown Voltage _ 
(Ic = 10 wAdc, IE = 0) 


Emitter-Base Breakdown Voltage 
| (ig = 10 wAdc, Ic = 0) 


Base Cutoff Current 
(VcE = 30 Vdc, Veg = 3.0 Vde) 


Collector Cutoff Current 
(VcE = 30 Vdc, Veg = 3.0 Vdc) 


ON CHARACTERISTICS(1) _ 


DC Current Gain(1) 

(Ic = 0.1 mAdc, VcE 

(I¢ = 1.0: mAdc, Vege = 1.0 Vde) 

(I¢ = 10 mAdc, Vcf = 1.0 Vdc) 

(i¢ = 50 mAdc, VcE = 1.0 Vdc) 

(I¢ = 100 mAdc, VcE = 1.0 Vdc) 
Collector-Emitter Saturation Voltage(1) 

(I¢ = 10 mAdc, Ip = 1.0 mAdc) 

(Ic = 50 mAdc, Ip = 5.0 mAdc) 
Base-Emitter Saturation Voltage(1) 

(i¢ = 10 mAdc, Ip = 1.0 mAdc) 

(Ic = 50 mAdc, Ip = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


1.0 Vdc) 












Output Capacitance 
(VcB = 5.0 Vdc, IE = 0, f = 1.0 MHz) 


input Capacitance 

(VER = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 
input Impedance 

(Ic = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 
Voltage Feedback Ratio 
(Ic = 1.0 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 
Small-Signal Current Gain 
(Ic = 1.0 mAdc, VcE = 10 Vde, f = 1.0 kHz) 
(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 









Current-Gain — Bandwidth Product (Ic = 10 mAdc, VcgE = 20 Vdc, f = 100 MHz) 











V(BR)CEO 
V(BR)CEO 


VCE(sat) 
VBE(sat) 
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MMBT3904LT1 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°c unless otherwise noted.) 


Characteristic 


Output Admittance hoe 
(I¢ = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 


Noise Figure 
(Ic = 100 Adc, VcE = 5.0 Vde, Rg = 1.0 k ohms, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 


(Vcc = 3.0 Vdc, VBE = ~0.5 Vde, 
Ic = 10 mAdc, Ip1 = 1.0 mAdc) 


| Storage Time _—|(Vcc = 3.0 Vde, Ic = 10 mAdc, Ig = Igz = 1.0 mAdc) 
Fall Time 
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MAXIMUM RATINGS 


MMBT3906LT1* 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 





THERMAL CHARACTERISTICS 


a 
2 


Total Device Dissipation FR-5.Board,* =~ 25 mw 
Derate above 25°C 1.8 mWw/°C 
1 











3 Collector 





Ta = 25°C | 
Thermal Resistance Junction to Ambient. R@JA | 556 °C/W 


Total Device Dissipation | mW 
mWwW/°C 


300 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 2.4 
Thermal Resistance Junction to Ambient R@JA 
Junction and Storage Temperature —55 to + 150 
*FR5 = 1.0 x 0.75 x 0.062 in. PNP SIEICON 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 







2 Emitter 





GENERAL PURPOSE TRANSISTOR 


*This is a Motorola designated 
DEVICE MARKING preferred device. 


MMBT3906LT1 = 2.0A 








Refer to 2N3905 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | | Symbol | Min | Max | Unit _| 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) V(BR)CEO Vdc 
(i¢ = —1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = —10 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = —10 Adc, Ic = 0) 


Base Cutoff Current 
(VcE = —30 Vdc, Veg = —3.0 Vdc) 


Collector Cutoff Current 
(VCE = —30 Vdc, Veg = —3.0 Vdc 








ON CHARACTERISTICS(1) 















DC Current Gain 
(i¢ = —0.1 mAdc, Vee = —1.0 Vdc) 
(i¢ = —1.0 mAdc, VcE = —1.0 Vdc) 
(Ic = -—10 mAdc, Vee = —1.0 Vdc) 

(Ic = —50 mAdc, VcgE = —1.0 Vdc) 

(Ic = —100 mAdc, Vcg = —1.0 Vdc) 
Collector-Emitter Saturation Voltage 
(I¢ = —10 mAdc, Ip = —1.0 mAdc) 
(i¢ = —50 mAdc, Ip = —5.0 mAdc) 
Base-Emitter Saturation Voltage 
(Ic = —10 mAdc, Ip = —1.0 mAdc) 
(Ic = —50 mAdc, Ip = —5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = —10 mAdc, VceE = —20 Vdc, f = 100 MHz) 
Output Capacitance | 
(VcBp = —5.0 Vdc, Ile = 0, f = 1.0 MHz) 
Input Capacitance 
(VERB = —0.5 Vdc, Ic = 0, f = 1.0 MHz) 
Input Impedance 
(Ic = —1.0 mAdc, VcE = —10 Vdc, f = 1.0 kHz) 


Voltage Feedback Ratio 
(l¢ = —1.0 mAdc, VceE = —10 Vde, f = 1.0 kHz) 









30 


= p= 
nay Es 
















Small-Signal Current Gain 
(Ic = —1.0 mAdc, VcE = —10 Vde, f = 1.0 kHz) 
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MMBT3S06LT1 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted). 


Characteristic 


Output Admittance 
(Ic = —1.0 mAdc, Vcg = —10 Vdc, f = 1.0 kHz) 


Noise Figure 
(Ic = —100 wAdc, Vcg = —5.0 Vde, Rg = 1.0 k ohm, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 
Delay Time (Vcc = —3.0 Vdc, VBE = 0.5 Vdc, 
Ic = -—10 mAdc, Ip, = —1.0 mAdc) 


Storage Time (Vcc = —3.0 Vde, Ic = —10 mAdc, 


Fall Time IB1 = IB2 = ~1.0 mAdc) 
(1) Pulse Width < 300 us, Duty Cycle < 2.0%. 
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- MAXIMUM RATINGS 


MMBT4401LT1* 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) _ 


Total Device Dissipation FR-5 Board,* 
TA = 25°C 
Derate above 25°C 


3 Collector 


Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 


Thermal Resistance Junction to Ambient 


- 2 Emitter 





SWITCHING TRANSISTOR 


Junction and Storage Temperature 
*FR-5 = 1.0 x 0.75 x 0.062 in. 


**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. NPN SILICON 
DEVICE MARKING *This is a Motorola designated 
MMBT4401LT1 = 2X preferred device. 











ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) Refer to 2N4401 for graphs. 


Characteristic | Symbol | Min | Max | Unit _| 


Collector-Emitter Breakdown Voltage(1) (Ic = 1.0 mAdc, Ip = 0) | werceo | 40 | — | Vvae | 
Collector-Base Breakdown Voltage (Ic = 0.1 mAdc, Ie = 0) | Wericapo | 60 | — | vac | 
Emitter-Base Breakdown Voltage (lp = 0.1 mAdc, Ic = 0) | Verepo | 60 | — | Vac | 
Base Cutoff Current (Vce = 35 Vdc, Veg = 0.4 Vdc) | ipev | — | ot | pd 
[Collector Cutoff Current _(Voe = 35Vde,Vep=04Vde) | tcex | tne 


ON CHARACTERISTICS(1) 
DC Current Gain 





OFF CHARACTERISTICS 




























(ic = 0.1 mAdc, Vee = 1.0 Vde) 
(Ic = 1.0 mAdc, Veg = 1.0 Vdc) 
(i¢ = 10 mAdc, VcE = 1.0 Vdc) 
(Ic = 150 mAdc, VcE = 1.0 Vdc) 
(ic = 500 mAdc, VcE = 2.0 Vdc) 40 


Collector-Emitter Saturation Voltage (ic = 150 mAdc, lg = 15 mAdc) VCE(sat) 0.4 Vdc 
(I¢ = 500 mAdc, Ip = 50 mAdc) 0.75 
Base-Emitter Saturation Voltage (I¢ = 150 mAdc, Ip = 15 mAdc) VBE(sat) 0.75 Vde 
(I¢ = 500 mAdc, Ip = 50 mAdc) — 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 20 mAdc, VcgE = 10 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(VcB = 5.0 Vdc, IE = 0, f = 1.0 MHz) 


Emitter-Base Capacitance 
(VEgR = 0.5 Vde, Ic = 0, f = 1.0 MHz) 


Input Impedance 
(I¢ = 1.0 mAdc, VcE = 10 Vde, f = 1.0 kHz) 


Voltage Feedback Ratio 
(I¢ = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 


Small-Signal Current Gain 
(I¢ = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 


Output Admittance 
(I¢ = 1.0 mAdc, VcEe = 10 Vdc, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 


Delay Time (Vcc = 30 Vdc, Veg = 2.0 Vdc, 
Ic = 150 mAdc, Ip, = 15 mAdc) 

















Rise Time 


Storage Time (Vcc = 30 Vde, I¢ = 150 mAdc, 
Fall Time IB1 = IB2 = 15 mAdc) 





(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 























MMBT4403LT1* 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 


<a 
ae 
aes 
<a 









3 Collector 







2 Emitter 







SWITCHING TRANSISTOR 


PNP SILICON 


Collector-Emitter Voltage VCEO aa a 
Collector-Base Voltage VcBO b= Aon 
Emitter-Base Voltage VEBO | 5.0 
Collector Current — Continuous | ic == | 600 
THERMAL CHARACTERISITCS 
Total Device Dissipation FR-5 Board,* 

Ta = 25°C 

Derate above 25°C 
Thermal Resistance, Junction to Ambient | Rua | 556 | -cw | °C/W 
Total Device Dissipation 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C mW/°C 
Thermal Resistance, Junction to Ambient | Rua | 417, | ecw 
Junction and Storage Temperature —55 to +150 i 8G 
*FR-5 = 1.0 x 0.75 x 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 
* This is a Motorola 

DEVICE MARKING designated preferred device. 


MMBT4403LT1 = 2T Refer to 2N4402 for graphs. 











ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


"Characteristic Symbol | Min | Max | Unit _ | 


Collector-Emitter Breakdown Voltage(1) (ic = —1.0 mAdc, Ig = 0) V(BR)CEO | -40 | — | Vde | 
Collector-Base Breakdown Voltage (Ic = —0.1 mAdc, IE = 0) V(BR)CBO | 40 | Vde | 
Emitter-Base Breakdown Voltage (Ig = —0.1 mAdc, Ic = 0) V(BR)EBO | 5.0 | | Vdc | 

a 


Base Cutoff Current (VcgE = —35 Vdc, Veg = —0.4 Vdc) IBEV 
ICEX 





OFF CHARACTERISTICS 



















Collector Cutoff Current (VcE = 
ON CHARACTERISTICS 


DC Current Gain (ic = —0.1 mAdc, Vcg = —1.0 Vdc) 
(Ic = —1.0 mAdc, Vcg = — 1.0 Vdc) 
(Ic = —10 mAdc, Vcg = —1.0 Vdc) 
(Ic = —150 mAdc, Vcg = —2.0 Vdc)(1) 
(I¢ = —500 mAdc, VcE = —2.0 Vdc)(1) 


Collector-Emitter Saturation Voltage(1) (Ic = —150 mAdc, lg = -— 15 mAdc) VCE(sat) 
(i¢ = —500 mAdc, Ip = -—50 mAdc) 
Base-Emitter Saturation Voltage(1) (l¢ = —150 mAdc, IRB = —15 mAdc) VBE(sat) 
. (Ic = —500 mAdsc, Ip = —50 mAdc) 
SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = —20 mAdc, Vcg = —10 Vdc, f = 100 MHz) 


— 35 Vdc, Veg = —0.4 Vdc) 








Emitter-Base Capacitance (Vge = —0.5 Vdc, Ic = 0, f = 1.0 MHz) a 
Input Impedance (ic = —1.0 mAdc, VcgE = —10 Vdc, f = 1.0 kHz) | 15k 
Voltage Feedback Ratio (Ic = —1.0 mAdc, VcE = —10 Vdc, f = 1.0 kHz) a | 80 | 


Small-Signal Current Gain (Ic = —1.0 mAdc, Vcg = —10 Vdc, f = 1.0 kHz) 


(Vcc = —30 Vde, Veg = —2.0 Vdc, 
Ic = —150 mAdc, Ip1 = — 15 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 








Collector-Emitter Voltage 
Emitter-Base Voltage _ 7 
Collector Current — Continuous | 


THERMAL CHARACTERISITCS 


Characteristic 


-Total Device Dissipation FR-5 Board,* 
Ta = 25°C 


mW 
Derate above 25°C 1.8 mWwW/°C 


Thermal Resistance, Junction to Ambient 3 —_eo 


Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 2.4 mWw/°C 
Thermal Resistarice, Junction to Ambient —ReJA | ai7 | cw 
Junction and Storage Temperature —55 to +150 
*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 



















DEVICE MARKING 
MMBT5087LT1 = 20 








ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 





OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = —1.0 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage 
(ic = —100 pAdc, IE = 0) 


Collector Cutoff Current 
(VcB = —10 Vdc, Ip = 0) 
(VcB = —35 Vdc, IE = 0) 

ON CHARACTERISTICS 

DC Current Gain 
(Ic = —100 pAdc, VcE 
(Ic = —1.0 mAdc, VcE = —5.0 Vdc) 

(Ic = —10 mAdc, VcgE = ~—5.0 Vdc) 

Collector-Emitter Saturation Voltage 
(Ic = —10 mAdc, Ip = —1.0 mAdc) 

Base-Emitter Saturation Voltage 
(lc = —10 mAdc, Ip = —1.0 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product 

- (Ic = —500 wAdc, Veg = —5.0 Vdc, f = 20 MHz) 

Output Capacitance. 

(VcB = —5.0 Vdc, Ie = 0, f = 1.0 MHz) 

Small-Signal Current Gain 
(Il¢ = —1.0 mAdc, VcE = 

Noise Figure 
(Ic = —20 mAdc, VcE = 
(Ic = —100 pAdc, VceE = —5.0 Vdc, 


_-—5.0 Vdc) 


—5.0 Vdc, f = 1.0 kHz) 


—5.0 Vde, Rg = 10k, f = 1.0 kHz) 
Rs = 3.0. kQ, f = 1.0 kHz) 














MMBTS087LT1* 


CASE 318-07, STYLE 6 
SOT- 23 {(TO- ane 


3 Collector 


2 Emitter 


LOW NOISE TRANSISTOR 


PNP SILICON 


*This is a Motorola 
designated preferred device. 





Refer to 2N5086 for graphs. 


[Symbol [Min [Moe [Un 


V(BR)CEO Vde 
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FETs AND DIODES 


MAXIMUM RATINGS 


Rating Symbol | MMBT5088 | MMBT5089 


[Getecorsminervorage [veo | | 25 | vec MMBTSO8S8LT1 






jor 
Q 














3 Collector 






2 Emitter 







LOW NOISE TRANSISTORS 


NPN SILICON 


*This is a Motorola 
designated preferred device. 


Refer to MPSA18 for graphs. 








[Characteristic «Symbol | 
i 
| Rea _| 
Total Device Dissipation 
*FR-5 = 1.0 x 0.75 x 0.062 in. 
Characteristic |_Symbol_| Min | Max | Unit 


Total Device Dissipation FR-5 Board,* 
ReJA 
Alumina Substrate,** Ta = 25°C 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 
— Pe) -[*) 
dc 


MMBT5089LT1* 
en: ee 
Ta = 25°C 
Derate above 25°C [* | 
| Rea _| 
DEVICE MARKING 


Collector Current — Continuous CASE 318-07, STYLE 6 
Derate above 25°C 
Thermal Resistance Junction to Ambient RgJA 
MMBT5088LT1 = 10; MMBT5089LT1 = 1R 
™ =| 3. 


THERMAL CHARACTERISTICS SOT-23 (TO-236AB) 
| Junction and Storage Temperature | Ty, Tstg | -55t0 +150] °C 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
ial 





OFF CHARACTERISTICS 









Collector-Emitter Breakdown Voltage 
(i¢ = 1.0 mAdc, lp = 0) MMBT5088 
MMBT5089 














Collector-Base Breakdown Voltage 
(I¢ = 100 Adc, IE = 0) MMBT5088 
MMBT5089 










Collector Cutoff Current 
(VcB = 20 Vdc, IE = 0) MMBT5088 
(VcB = 15 Vdc, IE = 0) MMBT5089 


Emitter Cutoff Current 
(VEB(off) = 3.0 Vdc, Ic = 0) MMBT5088 
(VEB(off) = 4.5 Vdc, Ic = 0) MMBT5089 


ON CHARACTERISTICS 


DC Current Gain (ic = 100 wAdc, VcE = 5.0 Vdc) MMBT5088 
MMBT5089 





















(Ic = 1.0 mAdc, Veg = 5.0 Vdc) MMBT5088 
MMBT5089 


(I¢ = 10 mAdc, VcE = 5.0 Vdc) MMBT5088 
MMBT5089 


FE 
Collector-Emitter Saturation Voltage (Ic = 10 mAdc, Ip = 1.0 mAdc) VCE(sat) 
Base-Emitter Saturation Voltage (Ic = 10 mAdc, ig = 1.0 mAdc) VBE(sat) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 500 wAdc, Vce = 5.0 Vdc, f = 20 MHz) 





Collector-Base Capacitance 
(VcB = 5.0 Vdc, IE = 0, f = 1.0 MHz emitter guarded) 


Emitter-Base Capacitance 
(VER = 0.5 Vdc, Ic = 0, f = 1.0 MHz collector guarded) 


Small Signal Current Gain 


(Ic = 1.0 mAdc, Veg = 5.0 Vdc, f = 1.0 kHz) MMBT5088 
MMBT5089 


Noise Figure 
(Ic = 100 Adc, VcE = 5.0 Vdc, Rs = 10 kf, 
f = 1.0 kHz) MMBT5088 
MMBT5089 





Note: “LT1’’ must be used when ordering SOT-23 devices. 
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MAXIMUM RATINGS 


Collector-Emitter Voltage, 7 


MMBT5401LT1* 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 


Collector-Base Voltage 


Emitter-Base Voltage 
Collector Current — Continuous 





3 Collector 
Total Device Dissipation FR-5 Board,* 
Ta = 25°C 
Derate above 25°C 


; ae : 2 Emitter 
Total Device Dissipation 


Alumina Substrate,** Ta = 25°C 
Derate above 25°C 


HIGH VOLTAGE TRANSISTOR 


PNP SILICON 





*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. *This is a Motorola 


designated preferred device. 





DEVICE MARKING — 
MMBT5401LT1 = 2L . Refer to 2N5401 for graphs. 7 








ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit 
Collector-Emitter Breakdown Voltage 


V(BR)CEO — 150 Vdc 
(Ic = —1.0 mAdc, Ig = 0) 
Collector-Base Breakdown Voltage V(BR)CBO ~ Vde 
(Ic = —100 wAdc, IE = 0) . 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = —10 wAdc, Ic = 0) 
Collector Cutoff Current 


(VcB = —120 Vdc, IE = 0) 
(VcB = —120 Vdc, IE = 0, Ta = 100°C) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = —1.0 mAdc, Vcgp = —5.0 Vdc) 
(I¢ = —10 mAdc, VcgE = —5.0 Vdc) 
(Ic = —50 mAdc, Vcg = —5.0 Vdc) 50 


Collector-Emitter Saturation Voltage VCE(sat) Vde 
(Ic = -—10 mAdc, Ip = —1.0 mAdc) 
(I¢ = —50 mAdc, Ip = —5.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(I¢ = —10 mAdc, lp = — 1.0 mAdc) 
(Ic = —50 mAdc, Ip = —5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = —10 mAdc, VcgE = —10 Vdc, f = 100 MHz) 








OFF CHARACTERISTICS 























Small Signal Current Gain 
(Ic = —1.0 mAdc, VcgE = —10 Vde, f = 1.0 kHz) 


Noise Figure ve 
(Ic = —200 wAdc, VcgE = —5.0 Vdc, Rs = 10 ohms 
f = 1.0 kHz) 
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MAXIMUM RATINGS 





Collector-Emitter Voltage VCEO 
Collector-Base Voltage VcBO 
Emitter-Base Voltage Vdc 


MMBT5S550LT1 
MMBT5551LT1* 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 


Total Device Dissipation FR-5 Board,* B EOE 


TA = 25°C 
Derate above 25°C 


Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 


HIGH VOLTAGE 
Thermal Resistance Junction to Ambient 
: TRANSISTORS 
Junction and Storage Temperature 


*FR-5 = 1.0 x 0.75 x 0.062 in. NPN SILICON 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


2 Emitter 





*This is a Motorola 
DEVICE MARKING designated preferred device. 


MMBT5550LT1 = M1F; MMBT5551LT1 = G1 Refer to 2N5550 for graphs. 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit _ | 


V(BR)CEO Vde 
140 
160 
Vdc 
(Ic = 100 pAdc, IE = 0) MMBT5550 


V(BR)CBO 
160 
MMBT5551 180 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(l— = 10 pAdc, Ic = 0) 


Collector Cutoff Current ICBO | 
100 nAdc 
50 
100 uAdc 
50 . 


Lo ee 





OFF CHARACTERISTICS 





















Collector-Emitter Breakdown Voltage(2) 
(Ii¢ = 1.0 mAdc, Ig = 0) MMBT5550 
MMBT5551 










Collector-Base Breakdown Voltage 












(VcB = 100 Vdc, IE = 0) MMBT5550 
(VcB = 120 Vdc, IE = 0) MMBT5551 
(VcB = 100 Vdc, IE = 0, Ta = 100°C) MMBT5550 


(VcR = 120 Vdc, IE = 0, Ta = 100°C) MMBT5551 


Emitter Cutoff Current 

(VER = 4.0 Vdc, Ic = 0) 
ON CHARACTERISTICS(2) 
DC Current Gain 


(I¢ = 1.0 mAdc, VcE = 5.0 Vdc) MMBT5550 
MMBT5551 












(ic = 10 mAdc, Vcg = 5.0 Vdc) MMBT5550 
MMBT5551 









(Ic = 50 mAdc, Vcg = 5.0 Vdc) MMBT5550 
MMBT5551 













Collector-Emitter Saturation Voltage 
(i¢ = 10 mAdc, Ip = 1.0 mAdc) Both Types 


(i¢ = 50 mAdc, Ip = 5.0 mAdc) MMBT5550 
MMBT5551 


20 
30 
~ & 
VBE(sat) 
1.0 
1.2 
1.0 









Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ip = 1.0 mAdc) Both Types 







(i¢ = 50 mAdc, Ip = 5.0 mAdc) MMBT5550 
MMBT5551 





(2) Pulse Test: Pulse Width = 300 ys, Duty Cycle = 2.0%. 
Note: “LT1’’ must be used when ordering SOT-23 devices. 
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MAXIMUM RATINGS 


| Rating | Symbot | Value | Unit 
Collector-Emitter Voltage | vceo | 40 =| Vde | 
| Collector-Base Voltage = | «VB | 40 
Cryo TA Sl 


THERMAL CHARACTERISTICS 7 Collectors: 


Characteristic Max | Unit | 


Total Device Dissipation FR-5 Board,* 225 mw 
| mWwW/°C 
















MMBT6427LT1* 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 




















Ta = 25°C 








Derate above 25°C . 1.8 

Thermal Resistance Junction to Ambient | Rea | 556 °C/W 

Total Device Dissipation 300 mW 
Alumina Substrate,** Ta = 25°C Emitter 2 
Derate above 25°C 2.4 mWw/°C 

Thermal Resistance Junction to Ambient RaJA °C/W DARLINGTON TRANSISTOR 





Junction and Storage Temperature —55 to +150 


*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


NPN SILICON 


xThis is a Motorola 
DEVICE MARKING designated preferred device. 


MMBT6427LT1 = 1V 








Refer to 2N6426 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbol | Min | Max | Unit _| 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(I¢ = 10 mAdc, VBE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 100 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(Ic = 10 wAdc, Ic = 0) 

Collector Cutoff Current ICEO 
(VcE = 25 Vdc, Ip = 0) 


Collector Cutoff Current 
(VcB = 30 Vdc, Ie = 0) 
Emitter Cutoff Current 
(VER = 10 Vdc, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain 
(I¢ = 10 mAdc, VcgE = 5.0 Vdc) 100,000 


(Ic = 100 mAde, VcgE = 5.0 Vdc) . 200,000 
(ic = 500 mAdc, VcE = 5.0 Vdc) 140,000 











Collector-Emitter Saturation Voltage VCE(sat)” i Vde 
(I¢ = 50 mAdc, Ig = 0.5 mAdc) 1 


2 
(I¢ = 500 mAdc, Ip = 0.5 mAdc) 1.5 


Base-Emitter Saturation Voltage VBE(sat) |  Vde 
(I¢ = 500 mAdc, Ip = 0.5 mAdc) 

Base-Emitter On Voltage VBE(on) 1.75 Vdc 
(Il¢ = 50 mAdc, Vcge = 5.0 Vdc) 


~ SMALL-SIGNAL CHARACTERISTICS 








Output Capacitance : 
(Vcp = 10 Vdc, Ig = 0, f = 1.0 MHz) 


Input Capacitance 
(Veg = 0.5, Ic = 0, f = 1.0 MHz) 


Current Gain — High Frequency 


(I¢ = 10 mAdc, Vcg = 5.0 Vde, f = 100 MHz) 


Noise Figure oe: 
(I¢ = 1.0 mAdc, VcgE = 5.0 Vde, Rg = 100 kQ, 
f = 1.0 kHz) 
*Pulse Test: Pulse Width = 300 ys, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 


Emitter-Base Voltage VEBO FOC Vde 

Collector Current — Continuous 
Total Device Dissipation FR-5 Board,* 225 

TA = 25°C 

1.8 

Thermal Resistance Junction to Ambient RoJA 556 
Total Device Dissipation 300 mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 2.4 mW/°C 
Thermal Resistance Junction to Ambient R@JA 
Junction and Storage Temperature “55 to +150] °c AMPUFIER TRANSISTORS 


**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 









MMBT6428LT1 
MMBT6429LT1 










CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 





3 Collector 






THERMAL CHARACTERISTICS 
Derate above 25°C i 








2 Emitter 





DEVICE MARKING 
MMBT6428LT1 = 1KM; MMBT6429LT1 = 1L Refer to MPSA18 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(i¢ = 1.0 mAdc, IB = 0) MMBT6428 
(Ic = 1.0 mAdc, Ip = 0) MMBT6429 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 0.1 mAdc, IE = 0) MMBT6428 
(I¢ = 0.1 mAdc, IE = 0) MMBT6429 

Collector Cutoff Current ICEO 0.1 pAdc 
(VcE = 30 Vdc) 

Collector Cutoff Current ICBO 0.01 pAdc 
(VcB = 30 Vdc, IE = 0) 

Emitter Cutoff Current pAdc 
(VERB = 5.0 Vdc, Ic = 0) . 








ON CHARACTERISTICS 









DC Current Gain 
(I¢ = 0.01 mAdc, Vcg = 5.0 Vdc) MMBT6428 
MMBT6429 











5.0 Vdc) MMBT6428 
MMBT6429 


HI 


(I¢ = 0.1 mAdc, VcE 










(I¢ = 1.0 mAdc, VcE = 5.0 Vdc) MMBT6428 


MMBT6429 










(I¢ = 10 mAdc, VcE = 5.0 Vdc) MME76428 
MMBT6429 
















Collector-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ip = 0.5 mAdc) 


VCE(sat) Vde 
(Ic = 100 mAdc, Ip = 5.0 mAdc) 
Base-Emitter On Voltage VBE(on) Vde 
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 1.0 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 


Output Capacitance 






(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 


Input Capacitance 
(VERB = 0.5 Vdc, ic = 0, f = 1.0 MHz) 


Note: “LT1” must be used when ordering SOT-23 devices. 
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MAXIMUM RATINGS 


MMBT6517LT1* 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 


Collector Current — Continuous 





Emitter-Base Voltage | Vde | 










3 Collector 


Total Device Dissipation FR-5 Board,* 
TA = 25°C 
Derate above 25°C 


2 Emitter 







Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 


24 | 
Thermal Resistance Junction to Ambient RgJA °C/W 
Junction and Storage Temperature Ty, Tsto — 55 to + 150 


*FR-5 = 1.0 x 0.75 x 0.062 in. | 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


DEVICE MARKING 
MMBT6517LT1 = 1Z 







HIGH VOLTAGE TRANSISTOR 


NPN SILICON 


*This is a Motorola 
designated preferred device. 





Refer to 2N6517 for graphs. 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| min | Max | Unit | 





OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(ic = 1.0 mA) | : 

Collector-Base Breakdown Voltage V(BRJCBO | 350 Vdc 
(I¢ = 100 A) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 pA) 

Collector Cutoff Current . . ICBO 50 nA 
(VcB = 250 V) | 
Emitter Cutoff Current nA 

(Veg = 5.0 V) 


ON CHARACTERISTICS 















DC Current Gain 




















(Ic = 1.0 mA, VcE = 10 V) 

(i¢ = 10 mA, VcgE = 10 V) 30 a 
(ic = 30 mA, VcE = 10 V) 30 200 
(Ic = 50 mA, VcE = 10 V) 20 200 


(I¢ = 100 mA, VcE = 10 V) 


Collector-Emitter Saturation Voltage Vde 







15 
~ ei 
VBE(sat) se _ Vde 

0.85 . 
0.90 


(I¢ = 10 mA, lg = 1.0 mA) 
(I¢ = 20 mA, Ip = 2.0 mA) 
(I¢ = 30 mA, Ip = 3.0 mA) 





(I¢ = 50 mA, Ip = 5.0 mA) 
Base-Emitter Saturation Voltage 
(Ic = 10 mA, Ip = 1.0 mA) 

(I¢ = 20 mA, Ip = 2.0 mA) 
(Ic = 30 mA, Ig = 3.0 mA) 
Base-Emitter On Voltage 
(I¢ = 100 mA, VcE = 10 V) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 

(I¢ = 10 mA, VcE = 20 V, f = 20 MHz) 


Collector-Base Capacitance 
(VcB = 20 V, f = 1.0 MHz) 











Emitter-Base Capacitance 
(Veg = 0.5 V, f = 1.0 MHz) 
*Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 


MMBT6520LT1* 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 


Emitter-Base Voltage 
Collector Current — Continuous 


3 Collector 
Total Device Dissipation FR-5 Board,* 


TA = 25°C 
Derate above 25°C 


‘ ae ‘ 2 Emitter 
Total Device Dissipation 


Alumina Substrate,** Ta = 25°C 
Derate above 25°C 





HIGH VOLTAGE TRANSISTOR 


PNP SILICON 





*FR-5 = 1.0 x 0.75 x 0.062 in. 


**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. This is a Motorola 


designated preferred device. 
DEVICE MARKING 


MMBT6520LT1 = 22 





Refer to 2N6520 for graphs. 








ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_ | Min | Max | Unit _| 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(lc = —1.0 mA) 

Collector-Base Breakdown Voltage V(BR)CBO 
(I¢ = —100 pA) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(le = —10 pA) 

Collector Cutoff Current ICBO 
(VcB = —250 V) 

Emitter Cutoff Current 
(Veg = —4.0 V) 


ON CHARACTERISTICS 


DC Current Gain hFE 
(lc = -—1.0 mA, VceE = —10 V) 
(ic = —10 mA, Vcf = —10 V) 
(i¢ = —30 mA, Vcg = —10 V) 
= —50 mA, Vce = —10 V) 
= —100 mA, VcgE = —10 V) 





Collector-Emitter Saturation Voltage VCE(sat) 
(Il¢ = —10 mA, Ip = —1.0 mA) 
(Ic = —20 mA, IB = —2.0 mA) 
(Ic = —30 mA, Ip = —3.0 mA) 
(Ic = —50 mA, Ip = —5.0 mA) 
Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = —10 mA, lB = —1.0 mA) 
(ic = —20 mA, Ip = —2.0 mA) 
(Ic = —30 mA, Ip = —3.0 mA) 


VBE(on) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(ic = —10 mA, VcE = —20 V, f = 20 MHz) 
Collector-Base Capacitance 

(VcB = —20V, f = 1.0 MHz) 


Emitter-Base Capacitance 
(Veg = —0.5 V, f = 1.0 MHz) 
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MAXIMUM RATINGS 


a a ce 
ea ee 
[colecorBese Votiage ———~+«tY Vea. | 80 | 
FEmiterBese Voltage ———~—S*dCVgng P80 
[Golector Curent — Continuous ‘|g | 00 

[Symbo [Max 





MMBT8599LT1 







CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 









THERMAL CHARACTERISTICS 


Total Device Dissipation FR-5 Board,* 
TA = 25°C 
Derate above 25°C mwWw/°C 


Thermal Resistance, Junction to Ambient RaJA — °C/W 


Total Device Dissipation mW 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 2.4 mW/°C 
Thermal Resistance, Junction to Ambient | Raa | 417 °C/W 
Junction and Storage Temperature —55 to +150 GENERAL PURPOSE 


*FR-5 = 1.0 x 0.75 x 0.062 in. TRANSISTOR 


**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. PNP SILICON 


3 Collector 














2 Emitter 










DEVICE MARKING 
MMBT8599LT1 = 2W 











Refer to 2N4125 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot | Min | Max | Unit __| 





OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) | V(BR)CEO 
| (Ic = —10 mAdc, IE = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(ic = —100 pAde, Ie = 0) , 

.Emitter-Base Breakdown Voltage . V(BR)EBO 
(ig = —10 pAde, Ic = 0) | 

Collector Cutoff Current ICBO 
(VcB = —80 Vdc, IE = 0) 


Emitter Cutoff Current 


(VEgB = —4.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain(1) 
= —1.0 mAdc, VcgE = —5.0 Vdc) 
= —10 mAdc, Vcg = —5.0 Vdc) 
(I¢ = —100 mAdc, Vcg = —5.0 Vde) 


Collector-Emitter Saturation Voltage(1) 
(I¢ = —100 mAdc, Ip = —10 mAdc) 
(Ic = —100 mAdc, Ip = —5.0 mAdc) 


Base-Emitter On Voltage(1) 










(Ic = —10 mAdc, Ig = —5.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(ic = —10 mAdc, Vcg = —5.0 Vde, f = 100 MHz) 


Input Capacitance 


(Veg = —0.5 Vdc, Ic = 0, f = 1.0 MHz) 


Collector-Base Capacitance 
(VcB = —5.0 Vdc, Ile = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS 














Collectormitter Vortage | Veeo | 60 | __a0 | ‘Vac 
[CollectorBese Vote —+| ‘Vcao | 60 | 80 | Vac 
PemiterBase Voltage «(| Venn | a0 S= (Me™ MMBTAOG6LT1* 
7 
CASE 318-07, STYLE 6 


THERMAL CHARACTERISTICS SOT-23 (TO-236AB) 


Characteristic 


Total Device Dissipation FR-5 Board,* 
Ta = 25°C 
Derate above 25°C 


Thermal Resistance Junction to Ambient 


Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 


1.8 

300 mW 
Derate above 25°C wee mw/°C 
“CW 


*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


MMBTAOSLT1 


























3 Collector 


2 Emitter 








DRIVER TRANSISTORS 


NPN SILICON 


*This is a Motorola 
DEVICE MARKING designated preferred device. 


MMBTAOSLT1 = 1H; MMBTAO6LT1 = 1GM 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


"Characteristic | Symbol | Min | Max | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(Ic = 1.0 mAdc, Ip = 0) MMBTAOS5 60 
MMBTAO6 80 
Emitter-Base Breakdown Voltage V(BR)EBO 
(lg = 100 pAdc, Ic = 0) 
Collector Cutoff Current ICEO 
(VcE = 60 Vdc, Ip = 0) 
Collector Cutoff Current ICBO 
(VcgB = 60 Vdc, IE = 0) MMBTAO05 
(VcB = 80 Vdc, IE = 0) MMBTAO6 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 10 mAdc, VcE = 1.0 Vdc) 
(I¢ = 100 mAdc, VcE = 1.0 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(I¢ = 100 mAdc, lg = 10 mAdc) 








Base-Emitter On Voltage VBE(on) 1.2 
(i¢ = 100 mAdc, VcE = 1.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(2) 








(Ic = 10 mA, VcE = 2.0 V, f = 100 MHz) 


(1) Pulse Test: Pulse Width < 300 pus, Duty Cycle < 2.0%. 
(2) ff is defined as the frequency at which |hfg| extrapolates to unity. 
Note: “LT1’” must be used when ordering SOT-23 devices. 
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_ MAXIMUM RATINGS 


Collector-Emitter Voltage 


MMBTA13LT1 
MMBTA14LT1* 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 


Collector-Base Voltage VcBO 
Emitter-Base Voltage Veso_ | 10 | Vide 
Collector Current — Continuous 


Collector 3 


Total Device Dissipation FR-5 Board,* 
Ta = 25°C 
Derate above 25°C 


Total Device Dissipation 





Alumina Substrate,** Ta = 25°C Emitter 2 
Derate above 25°C 
DARLINGTON AMPLIFIER 
TRANSISTORS 
*FR-5 = 1.0 x 0.75 x 0.062 in. NPN SILICON 
** Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. *This is a Motorola 


designated preferred device. 
DEVICE MARKING 


MMBTA13LT1 = 1M; MMBTA14LT1 = 1N Refer to 2N6426 for graphs. 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 


V(BR)CES Vde 
(I¢ = 100 wAdc, VBE = 0) 
Collector Cutoff Current ICBO 100 nAdc 
(VcB = 30 Vdc, Ie = 0) 
Emitter Cutoff Current nAdc 
(VEBR = 10 Vdc, Ic = 0) 
(I¢ = 100 mAdc, VcgE = 5.0 Vdc) MMBTA13 


ON CHARACTERISTICS(1) 
5000 
10,000 
10,000 
MMBTA14 20,000 


DC Current Gain 
(I¢ = 10 mAdc, VcE = 5.0 Vdc) MMBTA13 
MMBTA14 

Collector-Emitter Saturation Voltage VCE(sat) 1.5 Vdc 

(I¢ = 100 mAdc, Ig = 0.1 mAdc) | 
Base-Emitter On Voltage VBE Vde 

(I¢ = 100 mAdc, VcE = 5.0 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(2) 





























































(ic = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


(2) fr = Ihfel ¢ ftest- 
Note: “LT1” must be used when ordering SOT-23 devices. 
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MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO | go Vdc 


Emitter-Base Voltage 

















MMBTA20LT1 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 


a: 
NF 


Total Device Dissipation FR-5 Board,* 
TA = 25°C 
Derate above 25°C 


3 Collector 


1 








Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C mWw/°C 


2.4 
Thermal Resistance Junction to Ambient °C/W 
Junction and Storage Temperature —55 to +150 


*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


DEVICE MARKING 
MMBTA20LT1 = 1C 






2 Emitter 


GENERAL PURPOSE AMPLIFIER 


NPN SILICON 








Refer to MPS3904 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic Symbol | min | Max [Unit _| 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(i¢ = 1.0 mAdc, Ip = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(le = 100 wAdc, Ic = 0) 
Collector Cutoff Current ICBO 
(VcB = 30 Vdc, IE = 0) 
ON CHARACTERISTICS 


DC Current Gain hre 
(I¢ = 5.0 mAdc, Vcge = 10 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 








OFF CHARACTERISTICS 

















Current-Gain — Bandwidth Product 
(I¢ = 5.0 mAdc, Vcg = 10 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 
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MAXIMUM RATINGS ~ 









[Symbot | wineraae [ winetaas | Unie | 
Collector-Base Voltage ee | Vcpo | 300 | 200 Vdc 


THERMAL CHARACTERISTICS 


MMBTA42LT1* 
MMBTA43LT1 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 









3 Collect 
Total Device Dissipation FR-5 Board,* ollector 


TA = 25°C . 
Derate above 25°C 


Total Device Dissipation 2 Emitter 


Alumina Substrate,** Ta = 25°C 
Derate above 25°C 





HIGH VOLTAGE 
TRANSISTORS 


NPN SILICON 





*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


DEVICE MARKING 
MMBTA42LT1 = 1D; MMBTA43LT1 = M1E 


*This is a Motorola 
designated preferred device. 








Refer to MPSA42 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit __| 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(I¢ = 1.0 mAdc, Ip = 0) MMBTA42 
MMBTA43 


Collector-Base Breakdown Voltage V(BR)CBO 
(I¢ = 100 wAdc, IE = 0) MMBTA42 
MMBTA43 
Emitter-Base Breakdown Voltage V(BR)EBO 
(Ie = 100 wAde, Ic = 0) 


Collector Cutoff Current 
(VcB = 200 Vdc, IE = MMBTA42 
(VcB = 160 Vdc, IE MMBTA43 


Emitter Cutoff Current 
(VEB = 6.0 Vdc, Ic = 0) MMBTA42 
(VERB = 4.0 Vdc, Ic = 0) MMBTA43 


ON CHARACTERISTICS(1) 
DC Current Gain 








(I¢ = 1.0 mAdc, Vce = 10 Vdc) 
(Ic = 10 mAdc, VcE = 10 Vdc) 


(Ic = 30 mAdc, VcE = 10 Vdc) 


Collector-Emitter Saturation Voltage 
(I¢ = 20 mAdc, Ip = 2.0 mAdc) 


Base-Emitter Saturation Voltage 
(I¢ = 20 mAdc, Ig = 2.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 10 mAdc, Vcf£ = 20 Vde, f = 100 MHz) 


Collector-Base Capacitance 
(VcB = 20 Vdc, ig = 0, f = 1.0 MHz) 


Both Types 
Both Types 


MMBTA42 
MMBTA43 


MMBTA42 
MMBTA43 


MMBTA42 
MMBTA43 








(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
Note: “LT1”’ must be used when ordering SOT-23 devices. 
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MAXIMUM RATINGS 


| Rating | Symbol | MMBTASS | MMBTAS6 | Unit 
| Collector-Emitter Voltage | Vczo | -60 | -80__—| Va | 
[Collector-Base Voltage | Vcpo | -60 | - 80 


Collector Current — Continuous 


THERMAL CHARACTERISTICS 
mW 
~  mWwW/°C 
WwW 


Total Device Dissipation FR-5 Board,* 
Ta = 25°C 
Derate above 25°C 1.8 
| Thermal Resistance Junction to Ambient | Raya | 556 | CW 
Total Device Dissipation eo | m 
Derate above 25°C 2.4 
“c/w 
Junction and Storage Temperature 


*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 





MMBTASSLT1 
MMBTAS6LT1* 











< 
Qa 
s) 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 















3 Collector 







2 Emitter 





Alumina Substrate,** Ta = 25°C 







DRIVER TRANSISTORS 





PNP SILICON 


*This is a Motorola 
DEVICE MARKING designated preferred device. 
MMBTASSLT1 = 2H; MMBTAS56LT1 = 2GM 











ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit __| 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 

(Ic = —1.0 mAdc, Ig = 0) MMBTA55 ~60 
MMBTAS6 — 80 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(l— = —100 Adc, Ic = 0) 

Collector Cutoff Current ICEO pAdc 
(VcE = —60 Vdc, Ip = 0) 
(l¢ = —10 mAdc, VcgE = —1.0 Vdc) 


Collector Cutoff Current 
(VcB = —60 Vdc, IE = MMBTA55 
(VcB = —80 Vdc, IF = MMBTA56 
hFE 
100 
(Ic = —100 mAdc, VcgE = — 1.0 Vde) 100 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = —100 mAdc, IR = —10 mAdc) 
Base-Emitter On Voltage VBE(on) —1.2 Vdc 
(I¢ = —100 mAdc, Vcg = —1.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(2) 








ON CHARACTERISTICS 











DC Current Gain 


















(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) fy is defined as the frequency at which |h¢g| extrapolates to unity. 
Note: “LT1’’ must be used when ordering SOT-23 devices. 
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MAXIMUM RATINGS 







MMBTAG3LT1 
- MMBTAG4LT1* 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 










Collector-Emitter Voltage > 






Collector-Base Voitage- 


Emitter-Base Voltage VEBO 
Collector Current — Continuous 


THERMAL CHARACTERISTICS 


Collector 3 






225 mW 
1.8 mW/°C 
Total Device Dissipation 
17 














Total Device Dissipation FR-5 
Ta = 25°C : 
Derate above 25°C 


Board,* 
. 3 
mS: . 


2 









| sss | ecw 
Alumina Substrate,** Ta = 25°C 


Pp mW 
Derate above 25°C - mWw/°C 


Emitter 2 
Thermal Resistance Junction to Ambient R@JA 4 
Junction and Storage Temperature -55 to +150 DARLINGTON TRANSISTORS 


*FR-5 = 1.0 x 0.75 x 0.062 in. PNP SILICON 
**Alumina = 0.4.x 0.3 x 0.024 in. 99.5% alumina. *This is a Motorola 


| i ferred device. 
DEVICE MARKING designated preferred device 


MMBTA63LT1 = 2U; MMBTAG64LT1 = 2V ; Refer to MPSA75 for graphs. | 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


___ Characteristic | Symbol | Min | Max | Unit 


Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(Ic = —100 »Adc) 
Collector Cutoff Current ICBO nAdc 
(VcB = —30 Vdc) 
FE 
(ic = —100 mAdc, VcgE = —5.0 Vdc) MMBTA64 


(VERB = —10 Vdc) 

ON CHARACTERISTICS 

DC Current Gain (1) 

Collector-Emitter Saturation Voltage es ee ee el 
(Ic = —100 mAdc, Ip = —0.1 mAdc) 
(Ic = —100 mAdc, VcgE = —5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product 





OFF CHARACTERISTICS 























(Ic = —10 mAdc, Vcgp = —5.0 Vdc) MMBTA63 
(i¢ = —10 mAdc, Vcg = —5.0 Vdc) MMBTA64 
(I¢ = —100 mAdc, VcE = —5.0 Vdc) MMBTA63 








(IC = —10 mAdc, VcgE = —5.0 Vdc, f = 100 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
Note: “LT1"’ must be used when ordering SOT-23 devices. 
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MAXIMUM RATINGS 


[alectormiter Votage ‘| Veeo | -0 | 
[Emitte-Bese Vottage ———~—~S*dtCVego) | 
[olistor curent— Continuous | ic [100 

CASE 318-07, STYLE 6 


THERMAL CHARACTERISTICS SOT-23 (TO-236AA) 





MMBTA/OLT1 






Total Device Dissipation FR-5 Board,* 
TA = 25°C 
Derate above 25°C 


3 Collector 


Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 


2 Emitter 





*FR-5 = 1.0 x 0.75 x 0.062 in. GENERAL PURPOSE TRANSISTOR 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


DEVICE MARKING 
MMBTA70OLT1 = M2C 


PNP SILICON 








Refer to 2N5086 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(i¢ = —1.0 mAdc, Ip = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(l—E = —100 wAdc, Ic = 0) 


Collector Cutoff Current 


(VcR = —30 Vdc, Ip = 0) 
ON CHARACTERISTICS 


DC Current Gain hFE 
(Ic = —5.0 mAdc, VcE = —10 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(lc = —10 mAdc, IB = —1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = —5.0 mAdc, Vce = —10 Vde, f = 100 MHz) 














Output Capacitance 
(VcB = —10 Vdc, Ie = 0, f = 1.0 MHz) 
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MAXIMUM RATINGS | 
[Rating | Symbot | mstaea | wmatass | unit 
Collector-Emitter Voltage” 
[Collector Base Voltage | VoBO_ 
|Emitter-Base Voltage | VEBO 
| Collector Current — Continuous | Ic 


Ic 





MMBTA92LT1* 
MMBTA93LT1 






<|</< 
m iQ lO 
@ io im 
O |O |O 











CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 


THERMAL CHARACTERISTICS 


Characteristic 


Total Device Dissipation FR-5 Board,* 
Ta = 25°C 7 
Derate above 25°C 


Thermal Resistance Junction to Ambient 







3 Collector 











2 Emitter 






Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 





HIGH VOLTAGE 





225 
1.8 mW/°C 





ReJA Ena Ner Ons 

ppeiticon 
*FR-5 = 1.0 x 0.75 x 0.062 in. 

**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. This is a Motorola 
DEVICE MARKING designated preferred device. 
MMBTAQ2LT1 = 2D; MMBTAQ3LT1 = 2E Refer to MPSA92 for graphs. 





ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


| Characteristic | Symbol | Min | Max | Unit _ | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(Ic = —1.0 mAdc, Ip = 0) MMBTA92 — 300 
. MMBTA93 — 200 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = —100 pAdc, Ie = 0) MMBTAQ92 — 300 
MMBTAQ93 — 200 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 

(IE = —100 Adc, Ic = 0) 


Collector Cutoff Current 











(Veg = —200 Vdc, IE = 0) | MMBTAQ2 
(VcB = —160 Vdc, Ip = 0) MMBTAQ3 


Emitter Cutoff Current 
(VERB = —3.0 Vde, Ic = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(Ic = — 1.0 mAdc, VcgE = —10 Vdc) Both Types 
(Ic = —10 mAdc, VcE = —10 Vdc) Both Types 


(Ic = —30 mAdc, Vcg = —10 Vdc) MMBTA92 
MMBTA93 


Collector-Emitter Saturation Voltage 
(Ic = —20 mAdc, Ip = —2.0 mAdc) MMBTA92 
MMBTAQ3 


Base-Emitter Saturation Voltage 
(l¢ = —20 mAdc, Ig = —2.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = —10 mAdc, VcgE = —20 Vdc, f = 100 MHz) 





Collector-Base Capacitance 


(VcB = —20 Vdc, Ie = 0, f = 1.0 MHz) MMBTAQ2 
MMBTAQ93 





(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
Note: “LT1” must be used when ordering SOT-23 devices. 
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MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage VcBO 


Emitter-Base Voltage 













Total Device Dissipation FR-5 Board,* 
Ta = 25°C 
Derate above 25°C 






Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 


Thermal Resistance Junction to Ambient RJA 
Junction and Storage Temperature —55 to +150 


*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 





DEVICE MARKING 
MMBTH10LT1 = 3EM 








ELECTRICAL CHARACTERISTICS (Ta, = 25°C unless otherwise noted.) 
Characteristic 





OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 1.0 mAdc, Ig = 0) 


Collector-Base Breakdown Voltage 
(I¢ = 100 pAdc, Ie = 0) 


Emitter-Base Breakdown Voltage 
(IE = 10 pAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 25 Vdc, Ie = 0) 


Emitter Cutoff Current 
(VER = 2.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 4.0 mAdc, VcgE = 10 Vdc) 


Collector-Emitter Saturation Voltage 
(I¢ = 4.0 mAdc, Ig = 0.4 mAdc) 


Base-Emitter On Voltage 
(Ic = 4.0 mAdc, Vcg = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 4.0 mAdc, VcE = 10 Vde, f = 100 MHz) 


Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


Common-Base Feedback Capacitance 
(VcB = 10 Vdc, Ip = 0, f = 1.0 MHz) 


Collector Base Time Constant 


MMBTH10LT1* 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 


3 Collector 


2 Emitter 


VHF/UHF TRANSISTOR | 


NPN SILICON 


*This is a Motorola 
designated preferred device. 





Refer to MPSH10 for graphs. 


owe | 
P= = 
p= = 
Ai 


E 
VBE 











(Ic = 4.0 mAdc, Vcg = 10 Vdc, f = 31.8 MHz) 
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MAXIMUM RATINGS 


Symbol 
Collector-Emitter Voltage _VCEO 
Collector-Base Voltage | VcBO a Vdc 


Emitter-Base Voltage 


| Collector Current — Continuous 


THERMAL CHARACTERISTICS 














MMBTH24LT1* 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 








Total Device Dissipation FR-5 Board,* 3 Collector 


TA = 25°C 
Derate above 25°C 


Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 


2 Emitter 


VHF MIXER TRANSISTOR 


NPN SILICON 





*FR-5 = 1.0 x 0.75 x 0.062 in. 


**Alumina = 0.4x 0.3 x 0.024 in. 99.5% alumina. This is a Motorola 


DEVICE MARKING . designated preferred device. 
| MMBTH24LT1 = M3A 











ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Collector-Emitter Breakdown Voltage 


V(BR)CEO 30 Vde 

(Ic = 1.0 mAdc, Ig = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 100 wAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(le = 10 wAdc, Ic = 0) 

Collector Cutoff Current ICBO nAdc 
(VcB = 15 Vdc, Ie = 0) 

ON CHARACTERISTICS . . 


DC Current Gain hFE 
(lc = 8.0 mAdc, Veg = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(I¢ = 8.0 mAdc, VcE = 10 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(Vcp = 10 Vdc, Ie = 0, f = 1.0 MHz) 








OFF CHARACTERISTICS 














Conversion Gain 
(213 MHz to 45 MHz) 
(I¢ = 8.0 mAdc, Vcc = 20 Vdc, Oscillator Injection = 150 mVrms) 
(60 MHz to 45 MHz) 
(I¢ = 8.0 mAdc, Vcc = 20 Vdc, Oscillator Injection = 150 mVrms) 





(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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@ Designed for UHF/VHF Amplifier Applications 
@ High Current Gain Bandwidth Product 


ff = 2000 MHz Min @ 10 mA MMBTH69LT1* 
MAXIMUM RATINGS 

Value | Unit 

[Colector-Emitter Voltage ———=—=Ss«| ceo | 18 ~—~«| Vdc —C 


THERMAL CHARACTERISTICS 











CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 











3 Collector 


Total Device Dissipation FR-5 Board,* 
TA = 25°C 
Derate above 25°C 


2 Emitter 





UHF/VHF TRANSISTOR 


PNP SILICON 


Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 


*This is a Motorola 
designated preferred device. 





*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


DEVICE MARKING 
MMBTH69LT1 = M3J 








ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO —15 Vde 
(Ic = —1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = —10 wAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(l—E = —10 wAdc, Ic = 0) 

Collector Cutoff Current ICBO — 100 nAdc 
(VcB = —10 Vdc, Ig = 0) 

ON CHARACTERISTICS 


DC Current Gain hfe 300 
(l¢ = —10 mAdc, VcgE = —10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = —10 mAdc, Vcge = —10 Vdc, f = 100 MHz) 








Collector-Base Capacitance 
(VCE = ~—10 Vdc, Ip = 0, f = 1.0 MHz) 
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MAXIMUM RATINGS 


[Collector-Emitter Voltage | Vceo | = 20 
Veso | -20 
[Emitter-Base Voltage | Vewo | -30__ | 







MMBTHS1LT1* 


CASE 318-07, STYLE 6 
SOT-23 (TO-236AB) 











THERMAL CHARACTERISTICS 


Total Device Dissipation FR-5 Board,* 
Ta = 25°C 

Derate above 25°C 

Thermal Resistance Junction to Ambient 


3 Collector 









Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 2.4 | mW/°C 


Thermal Resistance Junction to Ambient Rg@JA 
Junction and Storage Temperature —55 to +150 


*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


2 Emitter 







UHF/VHF TRANSISTOR 


PNP SILICON 





*This is a Motorola 


DEVICE MARKING designated preferred device. 


_| MMBTH81LT1 = 3D 











ELECTRICAL CHARACTERISTICS (Ta = 25°c unless otherwise noted.) 


Characteristic | | Symbol | Min | typ | Max | Unit_| 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage _ | V(BR)CEO Vdc 
(Ic = —1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = —10 pAdc, le = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO —_ Vdc 
(le = —10 Adc, Ic = 0) a 


Collector Cutoff Current 
(VcB = —10 Vde, Ig = 0) 


Emitter Cutoff Current nAdc 
(VEB = —2.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(Ic = —5.0 mAdc, Vce = —10 Vdc) 


Collector-Emitter Saturation Voltage 













(Ic = —5.0 mAdc, Ip = —0.5 mAdc) 


Base-Emitter On Voltage 
(Ic = —5.0 mAdc, Vce = —10 Vde) 


SMALL-SIGNAL CHARACTERISTICS 





Current-Gain — Bandwidth Product 
(I¢ = —5.0 mAdc, Vcg = —10 Vdc, f = 100 MHz) 


Collector-Base Capacitance ar 


(VcB = —10 Vdc, IE = 0, f = 1.0 MHz) 


Collector-Emitter Capacitance 
(IRB = 0, VcgB = —10 Vde, f = 1.0 MHz) 
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MMPQ2222,A* 


CASE 751B-03, STYLE 1 
SO-16 


MAXIMUM RATINGS 














PIN CONNECTIONS 
DIAGRAM 


Symbol | MMPQ2222 | MMPQ2222A 
Collector-Emitter Voltage VCEO 40 | Vde 


Vde 
Collector-Base Voltage 
| ves | 50 Ve 
Transistor 
Total Power Dissipation @ Ta = 25°C 


VEB 
0.52 1.0 Watts 
Derate above 25°C 4.2 8.0 mw/°C 
Total Power Dissipation @ Tc = 25°C 0.8 2.4 Watts 
Derate above 25°C 6.4 19.2 mWwW/°C 
Operating and Storage Junction Ty, Tstg —55 to +150 so 
Temperature Range 
*MMPQ2222A is a Motorola 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) designated preferred device. 


Characteristic | Symbot_ | Min | Typ | Max | Unit _| 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) MMPQ2222 V(BR)CEO 30 Vde 
(Ic = 10 mAdc, Ip = 0) MMPQ2222A 40 

Collector-Base Breakdown Voltage MMPQ2222 V(BR)CBO 60 Vde 
(Ic = 10 Adc, IE = 0) MMPQ2222A 75 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IR = 10 wAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 50 Vdc, IE = 0) MMPQ2222 
(VcB = 60 Vdc, IE = 0) MMPQ2222A 


Emitter Cutoff Current MMPQ2222 
(VER = 3.0 Vdc, Ic = 0) MMPQ2222A 


ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 100 vA, VcE = MMPQ2222A 
(Ic = 1.0 mA, VcE = MMPQ2222A 
(l¢ = 10 mA, VcE = MMPQ2222 
MMPQ2222A 
(I¢ = 150 mA, VcE MMPQ2222 
MMPQ2222A 
(I¢ = 300 mA, VcE = MMPQ2222 
(Ic = 500 mA, VcE MMPQ2222A 
(l¢ = 150 mA, VcE MMPQ2222A 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(I¢ = 150 mAdc, Ip = 15 mAdc) MMPQ2222 
MMPQ2222A 
(I¢ = 300 mAdc, IR = 30 mAdc) MMPQ2222 
(I¢ = 500 mAdc, Ip = 50 mAdc) MMPQ2222A 
Base-Emitter Saturation Voltage(1) VBE(sat) 
(Ic = 150 mAdc, Ip = 15 mAdc) MMPQ2222 
MMPQ2222A 
(I¢ = 300 mAdc, Ip = 30 mAdc) MMPQ2222 
(I¢ = 500 mAdc, IR = 50 mAdc) MMPQ2222A 
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Emitter-Base Voltage 


Collector Current — Continuous 
















Four 
Transistors 
Equal Power 






Each 


GENERAL-PURPOSE 
TRANSISTORS 


NPN SILICON 
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MMPQ2222, A 


. ELECTRICAL CHARACTERISTICS (Continued) 
| Characteristic =| Symbol | Min | Typ | Max | Unit | 
DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(I¢ = 20 mAdc, VcgE = 20 Vdc, f = 100 MHz) 


Output Capacitance 


(VcB = 10 Vde, Ig = 0, f = 1.0 MHz) 


Input Capacitance 
(VEB = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 30 Vde, VBE(off) = —90.5 Vde, I¢ = 150 mAde, Ip, = 15 mAdc) 








Turn-Off Time 
(Vcc = 30 Vdc, ic = 150 mAdc, Ip1 = Ip2 = 15 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle = 2.0%. 
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MMPQ2369* 


CASE 751B-03, STYLE 1 
SO-16 


MAXIMUM RATINGS 


PIN CONNECTIONS 
DIAGRAM 


Transistors 
Equal Power 











QUAD SWITCHING 


Total Power Dissipation @ Ta = 25°C TRANSISTOR 


Derate above 25°C 


Total Power Dissipation @ T, 
Derate above 25°C 


NPN SILICON 


*This is a Motorola 
designated preferred device. 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 





OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(Ic = 10 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 pAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 wAdc, Ic = 0) 
Collector Cutoff Current ICBO 


(VcB = 20 Vdc, IE = 0) 


Emitter Cutoff Current 
(VERB = 3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(I¢ = 10 mAdc, VcE = 1.0 Vdc) 


(I¢ = 100 mAdc, VcE = 2.0 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 10 mAdc, IB = 1.0 mAdc) 


DYNAMIC CHARACTERISTICS 










Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 10 Vde, f = 100 MHz) 


Output Capacitance 

(VcB = 5.0 Vdc, Ig = 0, f = 1.0 MHz) 

input Capacitance i 
Veg = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 3.0 Vdc, (VEB(off) = 1.5 Vde, Ic = 10 mAdc, Igy = 3.0 mAdc) 


Turn-Off Time 


wl on 
(en) on 








(Vcc = 3.0 Vde, Ic = 10 mAdc, Ipy = 3.0 mAdc, Ipa = 1.5 mAdc) 
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle = 2.0%. 
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MMPQ2907,A* 


CASE 751B-03, STYLE 1 
| SO-16 

~* MAXIMUM RATINGS o 

| 

[Collestorémiter Voltage __—~«| Vero | —40 | 60 | Vee | 


PIN CONNECTIONS 
DIAGRAM 
























Each Transistors 
Transistor | Equal Power 


Total Power Dissipation @ Ta = 25°C 0.52 1.0 Watts 
Derate above 25°C | 4.2 8.0 mWw/°C 
Total Power Dissipation @ Tc =. 25°C 0.8 2.4 Watts 
Derate above 25°C 6.4 19.2 mW/°C 
Operating and Storage Junction Ty: Tstg —55 to +150 °C 
Temperature Range 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbot_ | min | typ | Max | unit 


OFF CHARACTERISTICS | 
Coliector-Emitter Breakdown Voltage(1) MMPQ2907 V(BR)CEO —40 V 
(Il¢ = —10 mAdc, Ip = 0) MMPQ2907A ~ —60 
Collector-Base Breakdown Voltage . V(BR)CBO Vde 
(Ic = — 10 pAdc, IE = 0) | 
Emitter-Base Breakdown Voltage V(BR)EBO —5.0 Vde 
(l—E = —10 wAdc, Ic = 0) — ; 
Collector Cutoff Current 


(VcR = —30 Vdc, Ip = 0) MMPQ2907 
(VcR = —50 Vdc, Ip = 0) MMPQ2907A 





GENERAL PURPOSE 
TRANSISTORS 
PNP SILICON 


_ *MMPQ29074 is a Motorola 
designated preferred device. 












dc 


ON CHARACTERISTICS 


DC Current Gain(1) 
(I¢ = —100 pAdc, VcE = MMPQ2907A 
(i¢ = —1.0 mAdc, Vce = MMPQ2907A 
(Ic = —10 mAdc, VcE = MMPQ2907/2907A 
(Ic = —150 mAdc, VcE = MMPQ2907/2907A 
= —300 mAdc, VcE MMPQ2907/2907A 
= —500 mAdc, VcE = MMPQ2907/2907A 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(I¢ = —150 mAdc, Ip = —15 mAdc) MMPQ2907 
= —300 mAdc, Ip = —30 mAdc) MMPQ2907 
= —500 mAdc, Ip = —50 mAdc) MMPQ2907 


VBE(sat) 
= — 150 mAdc, Ip = —15 mAdc) MMPQ2907 
= —300 mAdc, lB = —30 mAdc) MMPQ2907 
(I¢ = —500 mAdc, lp = —15 mAdc) MMPQ2907A 
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MMPQ2907, A 


ELECTRICAL CHARACTERISTICS (Continued) 
Pp havactoristic | Symbot_ | Min | Typ | Max | Unit 
DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(Ic = —50 mAdc, Vege = —20 Vdc, f = 100 MHz) 


Output Capacitance 


(VcR = —10 Vdc, IE = 0, f = 1.0 MHz) 


Input Capacitance 
(VERB = ~—2.0 Vdc, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 














Turn-On Time 
(Vcc = —30 Vde, Ic = —150 mAdc, Ip, = — 15 mAdc) 





Turn-Off Time 
(Vcc = —6.0 Vdc, Ic = —150 mAdc, Ip1 = Ipo = —15 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle = 2.0%. 
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MMPQ3467* 


CASE 751B-03, STYLE 1 
MAXIMUM RATINGS aad 


Symbol | ___ Value‘ Unit | 
Collector-Emitter Voltage “CEO a ae 
Collector-Base Voltage | Mew | 4 
Emitter-Base Voltage a 
Power Dissipation @ Tc = 25°C 
Derate above 25°C 
Operating and Storage Junction TJ, Tstg | 

Temperature Range 


ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = —10 mAde, Ig = 0) 


Collector-Base Breakdown Voltage 
(Ic = —10 wAdc, IE = 0) 










_ PIN CONNECTIONS 
. DIAGRAM 










: 
QUAD 
MEMORY DRIVER 
TRANSISTOR 


PNP SILICON 


*This is a Motorola 
designated preferred device. . 






Each 
Transistor 


Transistors 
Equal.Power 












Power Dissipation @ Ta = 25°C 
Derate above 25°C 








Emitter-Base Breakdown Voltage 
(l—e = —10 «Adc, Ic = 0) 


Collector Cutoff Current 
(VcB = —30 Vdc, IE = 


Lo 
Emitter Cutoff Current 
(Veg = —3.0 Vdc, Ic = 0) 





ON CHARACTERISTICS 


DC Current Gain(1) 
(I¢ = —500 mAdc, Vcg = —1.0 Vdc) 


Collector-Emitter Saturation Voltage(1) 
(Ic = —500 mAdc, IR = —50 mAdc) 


Base-Emitter Saturation Voltage(1) 
(I¢ = —500 mAdc, Ip = —50 mAdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = —50 mAdc, Vcg = —10 Vde, f = 100 MHz) 


Output Capacitance. 
(VcB = —10 Vdc, Ie = 0, f = 1.0 MHz) 





Input Capacitance 
(VERB = —0.5 Vdc, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Ic = —500 mAdc, Ip1 = —50 mAdc) 





Turn-Off Time 
(Ic = —500 mAdc, ig Ip2 = —50 mAdc) 
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MMPQ3725* 


CASE 751B-03, STYLE 1 
SO-16 






MAXIMUM RATINGS 



















Collector-Emitter Voltage /Vcceo | i ti(‘i‘*@d' 
Collector-Emitter Voltage /Vvcees | ( iwt—‘:;is‘is@Y Vdc 
Emitter-Base Voltage 
Collector Current — Continuous 


Operating and Storage Junction Ty, Tstg —55 to +150 °C 
Temperature Range 
Each Transistors 
Transistor | Equal Power 
Total Power Dissipation @ Ta = 25°C 0.6 1.4 Watts 
Derate above 25°C 4.8 11.2 mWw/°C 
Power Dissipation @ Tc = 25°C 1.0 2.5 Watts 
Derate above 25°C 8.0 2.0 mWw/°C 
Operating and Storage Junction Ty, Tstg —55 to +150 7 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS oar 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vde 
(ic = 10 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CES Vde 
(Ic = 100 pAdc, Veg = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 wAde, Ic = 0) : 


PIN CONNECTIONS 
DIAGRAM 







1 


QUAD 
CORE DRIVER 
TRANSISTOR 




























NPN SILICON 






*This is a Motorola 
designated preferred device. 






















Collector Cutoff Current ICBO pAdc 
(VcB = 40 Vdc, IE = 0) 
ON CHARACTERISTICS(1) — 


DC Current Gain 
(Ic = 100 mAdc, Vcg = 1.0 Vdc) 
(ic = 500 mAdc, VcgE = 2.0 Vdc) 


Collector-Emitter Saturation Voltage 
(I¢ = 500 mAdc, Ip = 50 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = 500 mAdc, Ip = 50 mAdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lc = 50 mAdc, Vcg = 10 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


Input Capacitance 
(VERB = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Ic = 500 mAdc, Ig, = 50 mAdc, VBE(off) = — 3.8 Vdc) 








Turn-Off Time 
(Ic = 500 mAdc, Ig1 = IB2 = 50 mAdc) 


(1) Pulse Test: Pulse Width < 300 ps, Duty Cycle < 2.0%. 
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MMPQ3799* 


CASE 751B-03, STYLE 1 
— $016 


__ PIN CONNECTIONS 
DIAGRAM 





—— 


MAXIMUM RATINGS 


Collector-Emitter Voltage ‘ 












Collector-Base Voltage VcB 
Emitter-Base Voltage 
Collector Current — Continuous mAdc 








QUAD 
AMPLIFIER 


Power Dissipation @ Ta = 25°C TRANSISTOR 


Derate above 25°C 
Power Dissipation @ Tc = 25°C 
Derate above 25°C 


PNP SILICON 


*This is a Motorola 
designated preferred device. 


Operating and Storage Junction 
Temperature Range 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) - 
























OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(2) V(BR)CEO oo Vdc 
(Ic = —10 mAdc, Ip = 0) | | 
Collector-Base Breakdown Voltage V(BR)CBO Vde | 
(I¢ = —10 wAdc, IE = 0) : 
Emitter-Base Breakdown Voltage V(BR)EBO — _ Vde 
(l—E = —10 wAdc, Ic = 0) 
Collector Cutoff Current - ICBO —10 
(VcB = —50 Vdc, Ig = 0) 
Emitter Cutoff Current . 
(VERB = —3.0 Vdc, Ic = 0) ? 
ON CHARACTERISTICS(2) 
DC Current Gain | hrE 
(lc = —10 wAdc, Vcg = —5.0 Vdc) 
(Ic = —100 pAdc, Vce = —5.0 Vdc) 
(Ic = —500 wAdc, Vee = —5.0 Vdc) | . 
(I¢ = —10 mAdc, Vce = —5.0 Vdc) © 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = —100 pAdc, Ip = —10 pAdc) 
(I¢ = —1.0 mAdc, Ip = —100 wAdc) 

Base-Emitter Saturation Voltage . VBE(sat) 
(Il¢ = —100 pAdc, Ig = —10 wAdc) 
(I¢ = —1.0 mAdc, Ip = —100 wAdc) 





SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(I¢ = —1.0 mAdc, VcE = —5.0 Vde, f = 100 MHz) 
Output Capacitance 

(VcB = —5.0 Vdc, IE = 0, f = 100 kHz) 
Input Capacitance 

(VERB = —0.5 Vdc, Ic = 0, f = 100 kHz) 


Noise Figure 
(Ic = -—100 wAdc, Vce = —10 Vdc, Rg = 3.0 kohms, 
f = 1.0 kHz) 





(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MMPQ3904* 


CASE 751B-03, STYLE 1 







MAXIMUM RATINGS 










PIN CONNECTIONS 
DIAGRAM 















Each Transistors 
Transistor | Equal Power 





AMPLIFIER/SWITCH 
TRANSISTOR 


NPN SILICON 


*This is a Motorola 
designated preferred device. 


Total Power Dissipation @ Ta = 25°C 
Derate above 25°C 










ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[Lo haracteristic | Symbot_ | min [typ | Max [unit _| 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) ViBR)CEO 
(I¢ = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(ic = 10 wAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(Il—E = 10 wAdc, Ic = 0) 














Collector Cutoff Current ICBO 
(VcB = 40 Vdc, IE = 0) 

Emitter Cutoff Current 
(VEB = 4.0 Vdc, Ic = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(Ic = 0.1 mAdc, Vcge = 1.0 Vdc) 
(I¢ = 1.0 mAdc, VcgE = 1.0 Vdc) 
(Ic = 10 mAdc, VcE = 1.0 Vdc) 


Collector-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) Vde 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 10 mAdc, VcfE = 20 Vdc, f = 100 MHz) 









Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 


Input Capacitance 
(VEB = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Ic = 10 Vdc, VBE(off) = —9.5 Vde, Igy = 1.0 mAdc) 





Turn-Off Time 





(Ic = 10 mAdc, Ig = IB2 = 1.0 mAdc) 
(1) Pulse Test: Pulse Width < 300 ws, Duty Cycle < 2.0%. 
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MMPQ3906* 


CASE 751B-03, STYLE 1 















PIN CONNECTIONS | 
' DIAGRAM 





MAXIMUM RATINGS 


AMPLIFIER/SWITCH 
TRANSISTOR 















Power Dissipation @ Ta = 25°C 
Derate above 25°C 


| Power Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction TJ, Tstg 
Temperature Range 
ELECTRICAL CHARACTERISTICS LL = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(I¢ = —1.0 mAdc, Ip = 0) | 

Collector-Base Breakdown Voltage ViaRICBO 
(Ic = —10 wAde, Ip = 0) 

Emitter-Base Breakdown Voltage | V(BR)EBO 
(IE = —10 pAde, Ic = 0) 

Collector Cutoff Current 
(Vcg = —30 Vdc, Ig = 0) | 










PNP SILICON 













*This is a Motorola 
designated preferred device. 








Emitter Cutoff Current 
(Veg = —4.0 Vdc, Ic = 0) 


ON CHARACTERISTICS(1) 
DC Current Gain 





= — 1.0 Vde) 
= —1.0 mAdc, Voce = — 1.0 Vdc) 
= —10 mAdc, Vcg = —1.0 Vdc) © 


(Ic 200 
Collector-Emitter Saturation Voltage 


VCE(sat) —0.25 
_(l¢ = -10 mAdc, IB = —1.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) — 0.65 

(I¢ = —10 mAdc, ig = —1.0 mAdc) . 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product ; 
— (l¢ = —10 mAdc, VcgE = — 20 Vde, f = 100 MHz) 


Output Capacitance 
(Vcg = —5.0 Vde, Ip = 0, f = 1.0 MHz) 


Input Capacitance 
(VeEB = —0.5 Vde, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(lc = —10 mAdc, VBE(off) = 9.5 Vde, Ig1 = — 1.0 mAdc) 






How oy 


















Turn-Off Time 
(Ic = -—10 mAdc, igi = IB2 = —1.0 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 








MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


2-200 


MMPQ6700* 


CASE 751B-03, STYLE 1 
SO-16 
MAXIMUM RATINGS 
Rating 


PIN CONNECTIONS 
DIAGRAM 


Transistors 
Equal Power 











QUAD 
COMPLEMENTARY PAIR 
TRANSISTOR 


Total Power Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Power Dissipation @ ics = 25°C 
Derate above 25°C mwWw/°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic _onel ae 


PNP(2)/NPN SILICON 





This is a Motorola 
designated preferred device. 





OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(I¢ = 10 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(ic = 10 wAde, I = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 pAdc, Ic = 0) 

Collector Cutoff Current ICBO 
(VcB = 30 Vdc, IE = 0) 






Emitter Cutoff Current 






(VEB = 4.0 Vdc, Ic = 0) 
ON CHARACTERISTICS(1) 


DC Current Gain hFE 
(I¢ = 0.1 mAdc, VcgE = 1.0 Vdc) 30. 
(Ic = 1.0 mAdc, VcE = 1.0 Vdc) 


(I¢ = 10 mAdc, VcE = 1.0 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) 0.25 
(Ic = 10 mAdc, Ig = 1.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 
(IC = 10 mAdc, Ip = 1.0 mAdc) 


DYNAMIC CHARACTERISTICS 








Output Capacitance 


(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 


Current-Gain — Bandwidth Product(1) 
(I¢ = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 


Input Capacitance 
(VER = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 





(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) Voltage and Current are negative for PNP Transistors. 
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MMPQ6842 


CASE 751B-03, STYLE 1 


: SO-16 
MAXIMUM RATINGS 


PIN CONNECTIONS 
DIAGRAM 












Transistors 


Equal Power 
Total Power Dissipation @ Ta = 25°C 


0.72 Watts 
Derate above 25°C 6.4 mWwW/°C 
Total Power Dissipation @ Tc = 25°C . . 1.92 Watts 
Derate above 25°C 15.4 mWwW/°C 
Operating and Storage Junction TJ, Tstg —55 to +150 is 
Temperature Range 
ELECTRICAL CHARACTERISTICS oae = 25°C unless otherwise noted.) 


OFF euecncae 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(Ic = 10 mAdc, Ip = 0) | 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 wAdc, Ie = 0) 











MPU CLOCK BUFFER 
TRANSISTOR 


PNP(2)/NPN SILICON 








Emitter-Base Breakdown Voltage 
(ig = 10 wAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 20 Vdc, IE = 0) 
Emitter Cutoff Current 

(VEB = 3.0 Vdc, Ic = 0) . 
ON CHARACTERISTICS(1) 
DC Current Gain 

(Ic = 0.5 mAdc, VcgE = 1.0 Vdc) 

(I¢ = 1.0 mAdc, Vcge = 1.0 Vdc) 

(I¢ = 10 mAdc, VcgE = 1.0 Vdc) 


Collector-Emitter Saturation Voltage 
(I¢ = 0.5 mAdc, Ip = 0.05 mAdc, 0°C < T < 70°C) 


Base-Emitter Saturation Voltage 
(i¢ = 0.5 mAdc, Ip = 0.05 mAdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(l¢ = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 











Input Capacitance Cib 
(Vep = 0.5 Vde, Ic = 0, f = 1.0 MHz) PNP 5.0 10 
NPN 4.0 8.0 


SWITCHING CHARACTERISTICS (Ta = 25°C, Vcc = 5.0 Vdc) 











Propagation Delay Time 
(50% Points TP1 to TP3) 
(50% Points TP2 to TP4) 





Rise Time 
(0.3 V to 4.7 V, TP3 or TP4) 


Fall Time 
(4.7 V to 0.3 V, TP3 or TP4) 


(1) Pulse Test: Pulse Width < 300 us Duty Cycle < 2.0%. 
(2) Voltage and Current are negative for PNP Transistors. 
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MPQ2222,A* 


MAXIMUM RATINGS 






Collector-Emitter Voltage /Vceo | 30 «=| ~=40—C* 
Collector-Base Voltage Yop Vde 
VEBO a ee 


Emitter-Base Voltage 


Each 
Transistor | Device 


Total Device Dissipation @ Ta = 25°C 0.65 1.9 
Derate above 25°C 5.2 15.2 
Operating and Storage Junction Ty, Tstg —55 to + 150. °C 
Temperature Range 
QUAD 


THERMAL CHARACTERISTICS GENERAL PURPOSE 


Characteristic Symbol | Unit | TRANSISTORS 
Thermal Resistance, Junction to Ambient 


NPN SILICON 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


*MPQ2222A is a Motorola 
[Characteristic ——SS«dCSS mbt | Min | Max “| Une 


designated preferred device. 
OFF CHARACTERISTICS 


Refer to MD2218 for graphs. 
Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(Ic = 10 mAdc, Ip = 0) MPQ2222 
MPQ2222A 
Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 wAdce, IE = 0) MPQ2222 
MPQ2222A 
Emitter-Base Breakdown Voltage V(BR)EBO 
(l— = 10 wAdc, Ic = 0) MPQ2222 
MPQ2222A 
Collector Cutoff Current ICBO 
(VcB = 50 Vdc, IE = 0) MPQ2222 
(VcB = 60 Vdc, IE = 0) MPQ2222A 


Emitter Cutoff Current 
(VERB = 3.0 Vdc, Ic = 0) MPQ2222 
MPQ2222A 









14 #13 12 =11 10 


























CASE 646-06, STYLE 1 
TO-116 





3 





ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 100 wAdc, Vcfe = 10 Vdc) MPQ2222A 
(Ic = 1.0 mAdc, Veg = 10 Vdc) MPQ2222A 
(I¢ = 10 mAdc, Vcf = 10 Vdc) MPQ2222,A 
(I¢ = 150 mAdc, Vce = 10 Vdc) MPQ2222,A 
(I¢ = 300 mAdc, VcE = 10 Vdc) MPQ2222 
(I¢ = 500 mAdc, VcE 10 Vdc) MPQ2222A 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 150 mAdc, Ip = 15 mAdc) MPQ2222 
MPQ2222A 
(I¢ = 300 mAdc, IB = 30 mAdc) MPQ2222 
(Ic = 500 mA, Ip = 50 mA) MPQ2222A 
Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 150 mAdc, Ip = 15 mAdc) MPQ2222 
MPQ2222A 
(ic = 300 mAdc, Ip = 30 mAdc) MPQ2222 
(l¢ = 500 mA, Ip = 50 mA) MPQ2222A 
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MPQ2222, A 


ELECTRICAL CHARACTERISTICS — Continued (Ta = 25°C unless otherwise noted.) 
p Characteristic | Symbol | min | Max | unit _| 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(I¢ = 20 mAdc, Vcg = 20 Vdc, f = 100 MHz) 


Output Capacitance (Vcg = 10 Vdc, Ip = 0, f = 1.0 MHz) 





Input Capacitance (Veg = 0.5 Vde, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 

Turn-On Time . 
(Vcc = 30 Vdc, VBE(off) = —0.5 Vde, 
Ic = 150 mAdc, lpi = 15 mAdc) 

Turn-Off Time | 
(Vcc = 30 Vde, Ic = 150 mAdc, 
IBi = IB2 = 15 mAdc) 

(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 


_ FIGURE 1 — DELAY AND RISE TIME 


EQUIVALENT TEST CIRCUIT 
GENERATOR RISE TIME < 2.0 ns 
PW < 200 ns +30 V 
DUTY CYCLE = 2.0% 
200 

9.9V als 

aS O5V 
: SCOPE 
= Rin > 100 k ohms 


RISE TIME < 5.0 ns 


MPQ2222A 





MPQ2222A 


FIGURE 2 — STORAGE TIME AND FALL 
TIME EQUIVALENT TEST CIRCUIT 
DUTY CYCLE = 2.0% +30 V 


= 100 ps 
< 5.0 ns 200 


+16.2V . 





SCOPE 
-13.8 V Rin > 100 k ohms 
La -3.0V Cin < 12 pF 
= 500s > RISE TIME < 5.0 ns 
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MPQ2369* 


MAXIMUM RATINGS 






CASE 646-06, STYLE 1 
TO-116 


feo! vac | 


Collector-Emitter Voltage VCEO 


a 
z 
C 





V 
V 
Emitter-Base Voltage VEBO 
Collector Current — Continuous 
Each Total 
Transistor | Device 
Total Device Dissipation @ Ta = 25°C Watts 
Derate above 25°C mWw/°C 
Operating and Storage Junction Ty, Tstg —55 to +125 : 
Temperature Range 


THERMAL CHARACTERISTICS 


| Characteristic =|“ Symbol | = Max | Unit SWITCHING TRANSISTOR 
Thermal Resistance, Junction to Ambient °C/W NPN SILICON 


*This is a Motorola 
designated preferred device. — 


13°12 #11 «+10 








ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) Refer to MD2369 for graphs. 
Symbot_[ Min [Typ | Max | Unit 
OFF CHARACTERISTICS 














[Collectormitter Breakdown Voltagett) (ig = 10 made ip=0) | Wemcro | | — | — | vee 
| Collector-Base Breakdown Voltage (Ic = 10#Adc le =0) | Wpricso | 40 | — | — | Vac | 
Emitter-Base Breakdown Voltage (I— = 10 uAdc, Ic = 0) | verepo | 45 | — | — | vac | 
Collector Cutoff Current (Vcp = 20 Vdc, IE = 0) | icpo =| — | — | 04 | pAde | 
Emitter Cutoff Current (Vpe = 3.0 Vdc, Ic = 0) | lego | — | — | 05 | pAde | 





ON CHARACTERISTICS 






DC Current Gain(1) (I¢ = 10 mAdc, Vcg = 1.0 Vdc) hee 40 
(I¢ = 100 mAdc, Vcg = 2.0 Vdc) 20 
Collector-Emitter Saturation Voltage (Ic = 10 mAdc, Ip = 1.0 mAdc) VCE(sat) Fo — | — | 025 | vdeo | 
Base-Emitter Saturation Voltage (lc = 10 mAdc, Ip = 1.0 mAdc) VBE(sat) fF — | — | o9 | Vde | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain —- Bandwidth Product 
(I¢ = 10 mAdc, VcgE = 10 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 5.0 Vdc, IE = 0, f = 1.0 MHz) 


Input Capacitance 
(VER = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = 3.0 Vde, Vee = 1.5 Vdc, Ic = 10 mAdc, lpi = 3.0 mAdc) 








Turn-Off Time 
(Vcc = 3.0 Vde, Ic = 10 mAdc, IB1 = 3.0 mAdc, IB2 = 1.5 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle = 2.0%. 











MOTOROLA SMALL-SIGNAL SEMICONDUCTORS 


2-205 


MPQ2483 
MPQ2484* 


MAXIMUM RATINGS 


CASE 646-06, STYLE 1 
TO-116 | 









[Symbol] Value | Unit 
Collector-Emitter Voltage /Vcco | 0—t—~=~*@Y:C d= = 
| Ve _| 
| Vdc _| 


Vdc 
Collector-Base Voltage VCBO a ee Vdc 
Emitter-Base Voltage | VeBo Vde 
Four 
Each Transistors 
Transistor |Equal Power 
500 900 mw 
4.0 V2 mW/°C 
@ Tc = 25°C 0.825 2.4 Watts 
Derate above 25°C 6.7 . 19.2 mW/°C 
Operating and Storage Junction TJ, Tstg —55 to +150 °C 
Temperature Range 


Rating 





























Total Device Dissipation 
@ Ta = 25°C(1) 
Derate above 25°C 


Total Device Dissipation 








AMPLIFIER TRANSISTORS 





NPN SILICON 
(1) Second Breakdown occurs at power levels greater than 3 times the power *This is a Motorola 
dissipation rating. designated preferred device. 


THERMAL CHARACTERISTICS 


| Junction to Junction to 
Characteristic Case Ambient 
Thermal Resistance Each Die 191 250 °C/W 
Effective, 4 Die 52 ; 134 °C/W 
Coupling Factors Q1-04 or Q2-03 34 70 
. Q1-Q2 or 03-04 2.0 26 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO 40 
(Ic = 10 mAdc, Ip = 0) : 

Collector-Base Breakdown Voltage ms V(BR)CBO 
(I¢ = 10 wAdc, Ie = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(I— = 10 wAdc, Ic = 0) - 

Collector Cutoff Current 


(VcB = 45 Vdc, Ie = 0) 
Emitter Cutoff Current 

(VER = 3.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain(2) 


(I¢ = 0.1 mAdc, Vcg = 5.0 Vdc) MPQ2483 
MPQ2484 





% 
% 











(Ic = 1.0 mAde, Veg = 5.0 Vdc) | MPQ2483 
MPQ2484 


(ic = 10 mAde, Vc = 5.0 Vdc) MPQ2483 
MPQ2484 


Collector-Emitter Saturation Voltage VCE(sat) 
(i¢ = 1.0 mAdc, Ip = 0.1 mAdc) 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 

Base-Emitter Saturation Voltage(2) VBE(sat) 
(Ic = 100 wAdc, VcE = 5.0 Vdc) 
(I¢ = 10 mAdc, Vcg = 5.0 Vdc) 
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MPQ2483, MPQ2484 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
a 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 500 wAdc, Vcg = 5.0 Vdc, f = 20 MHz) 


Input Capacitance 
(VER = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


Collector-Base Capacitance 
(VcB = 5.0 Vdc, Il— = 0, f = 1.0 MHz) 

Noise Figure 
(Ic = 10 wAdc, VcE = 5.0 Vdc, Rs = 10 k ohms, MPQ2483 
f = 1.0 kHz, BW = 10 kHz) MPQ2484 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MPQ2906 
-MPQ2907,A* 


CASE 646-06, STYLE 1 
70-116 


MAXIMUM RATINGS 


Rating ymbot 


Collector-Emitter Voltage 


MPQ2906 |MPQ2907A 
MPQ2907 | 


Vdc 
Vdc. 






| 


Collector-Base Voltage 
Emitter-Base Voltage 


Collector Current — Continuous 





Each 
Transistor 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction Ty, Tstg —55 to +125 Cc 


Temperature Range 


THERMAL CHARACTERISTICS 


| Characteristic | Symbol _| 
Thermal Resistance, Junction to Ambient RaJA 


GENERAL PURPOSE 


TRANSISTORS 
PNP SILICON 


%*MPQ2907A is a Motorola 
designated preferred device. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) meter to hep 2e0e ter graphs: 


Pp haracteristic | Symbot | min | Max | Unit 


OFF CHARACTERISTICS 
V(BR)CEO Vde 
| —40 
—~60 


Collector-Emitter Breakdown Voltage(1) 
(Ic = —10 mAdc, Ip = 0) 
— verjcpo | -60 | — | Vdc | 
Werepo | -50 | — | Vdc 





2 


















MPQ2906, MPQ2907 
MPQ2907A 


Coilector-Base Breakdown Voltage (Ic = —10 uAdc, IE = 0) 
—10 pAdc, Ic = 0) 







Emitter-Base Breakdown Voltage (Ig = 











Collector Cutoff Current 
(VcB = —30 Vdc, IE = 0) 
(VcB = —50 Vde, Ig = 0) 







ON CHARACTERISTICS 


DC Current Gain(1) 
(I¢ = —100 wAdc, Vee = —10 Vdc) 
(ic = —1.0 mAdc, Vce = —10 Vdc) 
(Ic = —10 mAdc, Vce = —10 Vdc) 


—10 mAdc, Vcg = —10 Vdc) 
— 150 mAdc, VcgE = —10 Vdc) 
(I¢ = —150 mAdc, Vcg = —10 Vdc) 


(Ic = —300 mAdc, Vcg = —10 Vdc) 


(Ic = —500 mAdc, VcgE = — 10 Vdc) 


Collector-Emitter Saturation Voltage(1) 
(I¢ = —150 mAdc, Ig = —15 mAdc) 
(I¢ = —300 mAdc, Ip = —30 mAdc) 
(I¢ = —500 mA, Ip = —500 mA) 


Base-Emitter Saturation Voltage(1) 
(Ii¢ = —150 mAdc, Ig = —15 mAdc) 
(I¢ = —300 mAdc, Ip = —30 mAdc) 
(Ic = —500 mA, Ig = —50 mA) 










Emitter Cutoff Current (Veg = —3.0 Vdc, IE = 0) 








MPQ2906, MPQ2907 
MPQ2907A 


MPQ2906,7 Only 


MPQ2907A 
MPQ2907A 
MPQ23906 
MPQ2907 
MPQ2907A 
MPQ23907A 
MPQ2906 
MPQ2907 
MPQ2906 
MPQ2907 
MPQ2907A 


VCE(sat) 


MPQ2906, MPQ2907 
MPQ2907A 


VBE(sat) 
MPQ2906, MPQ2907 
MPQ2906, MPQ2907 
MPQ2907A 





dc 
“ ae id 
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MPQ2906, MPQ2907,A 


ELECTRICAL CHARACTERISTICS — Continued (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol_| Min | Max | Unit 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product fT 200 
(Ic = -—50 mAdc, VcgE = —20 Vdc, f = 100 MHz) 


Output Capacitance, (Vcp = —10 Vdc, Ig = 0, f = 1.0 MHz) | Cobo | — {| 80 | pF 
SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = —30 Vdc, Ic = —150 mAdc, 
IB1 = 15 mAdc) MPQ2907A Only 





Turn-Off Time 


(Vcc = —6,0 Vde, Ic = — 150 mAdc, 
Ig1 = Ip2 = 15 mAdc) MPQ2907A Only 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 





FIGURE 1 — DELAY AND RISE FIGURE 2 — STORAGE AND FALL 
TIME TEST CIRCUIT TIME TEST CIRCUIT 
-30 +15 V -6.0 


INPUT INPUT 
Zo = 50.2 29 = 5022 
PRF = 150 PPS PRE = 150 PPS 





RISE TIME < 2.0 ns 7 s 
TO OSCILLOSCOPE RISE TIME < 2.0 us 


RISE TIME < 5.0 ns 


TO OSCILLOSCOPE 
RISE TIME < 5.0 ns 





a a 
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MAXIMUM RATINGS 


| Rating | Symbol 
Collector-Emitter Voltage VcEO a0 
Collector-Base see VCBO a ee 









mat 


vee 


MPQ3467* 





CASE 646-06, STYLE 1 
70-116 





Emitter-Base Voltage ae 
Collector Current — Continuous 










Four 
Each Transistors 
Transistor | Equal Power 


zt Pea mw 
mWw/°C 
@ Tc = 25°C 1 in Watts 
Derate above 25°C e mWw/°C 
Operating and Storage Junction Ty, Ta Teta —55 to + 150 
Temperature Range - 


(1) Second Breakdown occurs at power ae greater than 2 times the power 
dissipation rating. 














Total Device Dissipation 
| @Ta = 25°C(1) 
Derate above 25°C 





14 13 12 11 10 | 





Total Device Dissipation 





THERMAL CHARACTERISTICS MEMORY DRIVER TRANSISTOR 


Rec RaJA PNP SILICON 
Junction to | Junction to 
Characteristic Case Ambient *This is a Motorola 


designated preferred device. 





Thermal Resistance Each Die 
Effective, 4 Die Refer to 2N3467 in Section 3 for graphs. 


Coupling Factors Q1-04 or Q2-03 
Q1-Q2 or Q3-04 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic [symbol [Min | tye | Max [Unit | 





OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) = V(BR)CEO 
(I¢ = —10 mAdc, Ip = 0) 7 


Collector-Base Breakdown Voltage | : V(BR)CBO 
(I¢ = —10 Adc, ig = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = —10 pAdc, Ic = 0) 

Collector Cutoff Current ICBO 
(VcB = —30 Vdc, IE = 0) 


Emitter Cutoff Current 


(VER = —3.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain(2) ee i 


(I¢ = —500 mAdc, VcgE = — 1.0 Vdc) 


Collector-Emitter Saturation Voltage(2) VCE(sat) 
(Ic = -—500 mAdc, Ig = —50 mAdc) 


Base-Emitter Saturation Voltage(2) 











(Ic = —500 mAdc, Ip = —50 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = —50 mAdc, VcgE = —10 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = —10 Vdc, Ie = 0, f = 1.0 MHz) 


Input Capacitance 
(VERB = —0.5 Vdc, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(Ic = -—500 mAdc, Ip, = —50 mAdc) 





Turn-Off Time 
(I¢ = —500 mAdc, Ip1 = lpg = —50 mAdc) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MPQ3725* 


MAXIMUM RATINGS CASE 646-06, STYLE 1 
TO-116 







[Gotecoreminer votage +t org | 
[Emiter-ese Voluge ——~—*d ‘Weng | SO 












14 13 12 11 10 

[}] fy _ = 

Total Device Dissipation 
@ Tp = 25°C 


1.0 2.5 
Derate above 25°C 8.0 20 mW/°C 
Operating and Storage Junction TJ, Tstg —55 to + 150 °C 
Temperature Range 











QUAD 


THERMAL CHARACTERISTICS CORE DRIVER TRANSISTOR 


Characteristics 


NPN SILICON 





Effective 


For Four *This is a Motorola 


designated preferred device. 


Refer to MM3725 in Section 3 for graphs. 





(1) RejJA is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


CS haractentio | Symbot “| Min [tp Mex | Un 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(ic = 10 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(I¢ = 100 »Adc, Vee = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 wAdc, ic = 0) 
Collector Cutoff Current ICBO = 
(VcB = 40 Vdc, IE = 0) | 


ON CHARACTERISTICS(2) 
DC Current Gain 


(I¢ = 100 mAdc, VcgE = 1.0 Vdc) 
(Ic = 500 mAdc, VCE = 2.0 Vdc) 







Collector-Emitter Saturation Voltage 
(I¢ = 500 mAdc, !p = 50 mAdc) 


Base-Emitter Saturation Voltage 
(I¢ = 500 mAdc, IB = 50 mAdc) 





SMALL-SIGNAL CHARACTERISTICS 










Current-Gain — Bandwidth Product 


fr 275 MHz 
(Ic = 50 mAdc, VcE = 10 Vde, f = 100 MHz) 
Output Capacitance Cobo pF 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 
Input Capacitance Cibo 62 pF 
(VERB = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 









MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


2-211 





MPQ3725 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
as. 2 Characteristic 
SWITCHING CHARACTERISTICS | 


Turn-On Time 
(I¢ = 500 mAdc, Ip, = 50 mAdc, VgE(off) = —3.8 Vde) 


Turn-Off Time To 
(I¢ = 500 mAdc, Igz = Iga = 50 mAdc) 







FIGURE 1 — SWITCHING TIMES TEST CIRCUIT 





~3.8 V +30 V 


49.7 V Sampling 
Oscilloscope 
0 | | Zin 2100 KL2Q 
tr <1.0 ns 
Pulse Generator 
tr, te < 1,0 ns 
PW 1.0 us 
Zin = 50 2 
Duty Cycle — 2.0% 





ease ereeereretenttnn Seen ERTSSS t E RRSP R ee  — — e 
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MAXIMUM RATINGS 


Emitter-Base Voltage 
collector Current Continuous | Ic | 15 ——~*d| Ade 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 






MPQ3762 


CASE 646-06, STYLE 1 
TO-116 



















Transistors 
Equal Power 









mw 
mWw/°C 
1413 12 1110 9 8 








Total Device Dissipation 
@ Tc = 256°C .25 . Watts 
Derate above 25°C 10 mWw/°C 


Operating and Storage Junction Ty, Tstg —55 to +150 °C 
Temperature Range 


THERMAL CHARACTERISTICS 


Junction to | Junction to 
Characteristic Case Ambient 
Thermal Resistance(1) Each Die 100 167 °C/W 
Effective, 4 Die 39 73.5 °C/W 
Coupling Factors Q1-04 or Q2-03 % 
Q1-Q2 or 03-04 % 
(1) Reja is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[SSC haat (Symbt |win tye | mm | une 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO 
(Ic = —10 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = —10 pAdc, Ie = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = —10 Ade, Ic = 0) 


Collector Cutoff Current ICBO 
(Vcg = —30 Vde, Ie = 0) 


Emitter Cutoff Current 
(VERB = —3.0 Vdc, Ic = 0) 

ON CHARACTERISTICS(2) 

DC Current Gain hre 
(I¢ = —150 mAdc, Vcg = —1.0 Vdc) 


(i¢ = -500 mAde, VcE = —2.0 Vdc) 
(I¢ = —1.0 Ade, Veg = —2.0 Vde) 


Collector-Emitter Saturation Voltage VCE(sat) 
(lc = —500 mAdc, ip = —50 mAdc) 
(Ic = —1.0 Ade, IR = —100 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(Ic = —500 mAdc, Ig = —50 mAdc) 
(Ic = —1.0 Adc, lg = — 100 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(Ic = —50 mAdc, Vcg = —10 Vdc, f = 100 MHz) 





QUAD 
MEMORY DRIVER TRANSISTOR 





PNP SILICON 





Refer to 2N3467 in Section 3 for graphs. 








Output Capacitance (Vcgp = —10 Vdc, IE = 0, f = 1.0 MHz) 
Input Capacitance (Veg = —0.5 Vdc, Ic = 0, f = 1.0 MHz) Cibo 
SWITCHING CHARACTERISTICS 


Turn-On Time 
(Vcc = —30 Vde, Ic = ~—1.0 Adc, Ip4 — 100 mAdc, 
VBE(off) = 2-0 Vdc) 





Turn-Off Time 
(Vcc = —30 Vdc, Ic = —1.0 Adc, Ip; = lpg = — 100 mAdc) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MPQ3762 | 


EQUIVALENT TEST CIRCUITS 


FIGURE 1 — TURN-ON 


FIGURE 2 — TURN-OFF 
-30V = 


-30 V 


+8.9 V 
+2.0 V 


o —_ 7 — 





Scope . 
7 ~11.1V 
14ivb TR 
PW = 200 ns tga be! 





Rise Time <2.0ns 10 <t, < 500 us 
DC <2.0% = to << 10 ns 
: t3 > 1.0 us rene 
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MAXIMUM RATINGS 











Symbol MPQ3799 
Collector-Emitter Voltage | Vceo | -40 | -60 | Vdc | 
[cotlectortase Votage —+(| Voso | eo 

FEmiterBese Voge +i Veno | ——80——*d*iCe 


Four 
Each Transistors 
Transistor | Equal Power 


Total Device Dissipation 
@ Ta = 25°C(1) 
Derate above 25°C 


MPQ3798 
MPQ3799* 


CASE 646-06, STYLE 1 
TO-116 








Total Device Dissipation 
@Tc = 25°C 0.825 2.4 Watts 
Derate above 25°C 6.7 19.2 m/°C 


Operating and Storage Junction TJ, Tstg —55 to +150 °C 
Temperature Range 


(1) Second breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 





THERMAL CHARACTERISTICS AMPLIFIER TRANSISTORS 
Rec R@JA 


: : PNP SILICON 
Junction to | Junction to 
Characteristic Case Ambient *This is a Motorola 
designated preferred device. 





Thermal Resistance Each Die 
Effective, 4 Die Refer to 2N3810 for graphs. 


Coupling Factors Q1-Q4 or Q2-Q3 
Q1-Q2 or Q3-04 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vde 
(I¢ = —10 mAdc, Ip = 0) MPQ3798 —40 
MPQ3799 — 60 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = —10 pAdc, IE = 0) 





Emitter-Base Breakdown Voltage V(BR)EBO 
(l—E = —10 pAdc, Ic = 0) 
Collector Cutoff Current Le ey 


(VcB = —50 Vdc, IE = 0) 


Emitter Cutoff Current 
(VERB = —3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 












DC Current Gain 
(Ic = —10 wAdc, Vce = —5.0 Vdc) MPQ3798 
MPQ3799 










(I¢ = —100 wAdc, Vcg = —5.0 Vdc) MPQ3798 
MPQ3799 











(ic = —500 pAde, VcE = —5.0 Vdc) MPQ3798 


MPQ3799 









(ic = —10 mAdc, Vee = —5.0 Vdc) MPQ3798 
MPQ3799 














Collector-Emitter Saturation Voltage 
(Ic = —100 pAdc, Ip = —10 wAdc) 
(Ic = -—1.0 mAdc, IR = — 100 pAdc) 
Base-Emitter Saturation Voltage 
(ic = —100 pAdc, ig = —10 pAdc) 
(I¢ = —1.0 mAdc, Ip = —100 wAdc) 



















_ = 
™ re 
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MPQ3798, MPQ3799 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
a 
. SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(l¢ = —1.0 mAdc, VcgE = —5.0 Vde, f = 100 MHz) 


Output Capacitance | 
(VcB = —5.0 Vdc, le = 0, f = 1.0 MHz) 





Input Capacitance 
(VER = —0.5 Vdc, Ic = 0, f = 1.0 MHz) 


Noise Figure 
(Ic = —100 pAdc, Vce = —10 Vde, Rg = 3.0k ohms, MPQ3798 
f = 1.0 kHz) MPQ3799 | 





(2) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO a ee 
Collector-Base Voltage VCBO a ee Vde 










MPQ3904* 


CASE 646-06, STYLE 1 
TO-116 


Emitter-Base Voltage VEBO 


Collector Current — Continuous 










Each 
Transistor 


Transistors 
Equal Power 










Total Device Dissipation 
@ Tp = 25°C 
Derate above 25°C 


Total Device Dissipation 


14 13 12 11 10 9 8 











@ Tc = 25°C ; 
Derate above 25°C 6.7 19.2 mW/°C 
Operating and Storage Junction Ty, Tstg —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS QUAD 


AMPLIFIER SWITCHING 
TRANSISTOR 


NPN SILICON 


Junction to Junction to 
Characteristic Case Ambient 
Thermal Resistance Each Die 151 250 °C/W 
Effective, 4 Die 52 139 °C/W 
Coupling Factors Q1-04 or Q2-03 34 70 % 
Q1-Q2 or 03-04 2.0 26 % 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 





*This is a Motorola 
designated preferred device. 


Refer to 2N3904 for graphs. 





a 


OFF CHARACTERISTICS 

















Collector-Emitter Breakdown Voltage(1) V(BR)CEO ~ Vde 
(Ic = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 10 pAdc, Ie = 0) 



























Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 wAdc, Ic = 0) 
Collector Cutoff Current ICBO nAdc 
(VcB = 40 Vdc, IE = 0) 
Emitter Cutoff Current nAdc 
(VERB = 40 Vdc, Ic = 0) 
DC Current Gain 
(Ic = 0.1 mAdc, VcE = 1.0 Vdc) 30 
(I¢ = 1.0 mAdc, VcgE = 1.0 Vdc) 50 
75 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(I¢ = 10 mAdc, lg = 1.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 
Output Capacitance Cobo y pF 
(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 
Input Capacitance Ciné pF 
(VER = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 
SWITCHING CHARACTERISTICS 


ON CHARACTERISTICS(1) 
hFE 
(Ic = 10 mAdc, Vcg = 1.0 Vdc) 
Current-Gain — Bandwidth Product fr 
(Ic = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 
Turn-On Time 37 
(Il¢ = 10 mAdc, VBE(off) = —0.5 Vdc, Igy = 1.0 mAdc) 








Turn-Off Time toff 
(Ic = 10 mAdc, Ip1 = Ip2 = 1.0 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 












MPQ3906* 


CASE 646-06, STYLE 1 
TO-116 







[Gotecor miter Votege | Veeo | 0 















Transistors 
Transistor | Equal Power 


500 | . 900 mW 
4.0 mw/°C 
@ Tc = 25°C 


7.2 
825 2.4 Watts 
Derate above 25°C 6.7 ‘19.2 mWw/°C 
Operating and Storage Junction —| Ty, Tstg ~—55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 
Junction to | Junction to 
Characteristic Case Ambient 
Thermal Resistance Each Die 151 250 
Effective, 4 Die 52 139 


Coupling Factors Q1-04 or Q2-O03 34 70 
Q1-Q2 or Q3-04 












Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 






14 13 





Total Device Dissipation 
















AMPLIFIER SWITCHING 
TRANSISTOR 


PNP SILICON 












- *&This is a Motorola 
designated preferred device. 


Refer to 2N3906 for graphs. 







ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 








OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
“(Ic = -1.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO — 40 Vdc 
(ic = —10 wAde, Ip = 0) 
Emitter-Base Breakdown Voltage ViBR)EBO 






























(IE = —10 wAdc, Ic = 0) a 
Collector Cutoff Current ICBO nAdc 
(VcB = —30 Vdc, IE = 0) 
Emitter Cutoff Current | —50 - nAdc 
(VERB = —4.0 Vdc, Ic = 0) 
ON CHARACTERISTICS(1) 


DC Current Gain _ 
(I¢ = —0.1 mAdc, Vce = —1.0 Vdc) 
(i¢ = —1.0 mAdc, Vee = —1.0 Vdc) 
(Ic = —10 mAdc, Vcf = —1.0 Vdc) 


Collector-Emitter Saturation Voltage 
(Ic = —10 mAdc, Ip = —1.0 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = —10 mAdc, Ip = —1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 





(Ic = —10 mAdc, VcE = —20 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = —5.0 Vdc, Ie = 0, f = 1.0 MHz) 


Input Capacitance 
(VERB = —0.5 Vde, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 
(ic = —10 mAdc, VBE(off) = 0.5 Vde, Ip = — 1.0 mAdc) 
Turn-Off Time 
(ic = —10 mAdc, lp1 = Ip2 = —1.0 mAdc) 
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MPQ3906 


FIGURE 1 — DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 


~3.0V 


ei ees 1.0 ns 
+0.5V~ 


‘OGY e300 ns t 
DUTY CYCLE ~ 2% ~ 





FIGURE 2 — STORAGE AND FALL TIME 
EQUIVALENT TEST CIRCUIT 
+9.1V = 1.0 ns —3.0V 


10 < t, < 500 ys meee 
DUTY CYCLE= 2% 7) fh 


*Total shunt capacitance of test jig and connectors 
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MAXIMUM RATINGS Bo 


— MPQ6001 MPQ6501 
MP06002* MPQ6502* 


















Emitter Base Voltage veco | 50. ‘| va || STYLE1 = STYLE 3 
TYPE A TYPE B 
Collector Current — Continuous lie | 00 | 







Four 





CASE 646-06 
TO-116 


Each Transistors 
Transistor |Equal Power 









Total Device Dissipation 
@ Ta = 25°C(1) 
MPQ6001, MPQ6002, MPQ6501, 
MPQ6502 
Derate above 25°C ; 
MPQ6001, MPQ6002, MPQ6501, 
MPQ6502_ | 


Total Device Dissipation 
@ Tc = 25°C 
MPQ6001, MPQ6002, MPQ6501, 
MPQ6502 | 
Derate above 25°C | 
MPQ6001, MPQ6002, MPQ6501, 
MPQ6502 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 














TYPE A 
12 11 10 


TYPE B 
12 11 10 









14 13 9 13 
















8 
























COMPLEMENTARY PAIR 


TRANSISTORS 
NPN/PNP(1) SILICON 
*These are Motorola 

designated preferred devices. 















| 0.65 1.25 
mW/°C 
5.18 10 
Watts 
1.0 3.0 
mW/°C 
8.0 24 


—55 to +150 


| = Junction to | Junction to 
Characteristic Case Ambient 
Thermal Resistance . °C 
Each Die MPQ6001, MPQ6002, MPQ6501, MPQ6502 125 193 
Effective, 4 Die MPQ6001, MPQ6002, MPQ6501, MPQ6502 41.6 100 
Coupling Factors % 
Q1-04 or Q2-Q3 MPQ6001, MPQ6002, MPQ6501, MPQ6502 30 
Q1-Q2 or Q3-04 MPQ6001, MPQ6002, MPQ6501, MPQ6502 20 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) (lc = 10 mAdc, lp = 0) V(BR)CEO eae ae (a eae 
Collector-Base Breakdown Voltage (ic = 10 wAdc, Ip = 0) V(BR)CBO | 60 | hv — | — | vac | 
Emitter-Base Breakdown Voltage (IE = 10 wAdc, Ic = 0) V(BR)EBO | — | Vde | 


Collector Cutoff Current (Vcp = 50 Vdc, IE = 0) ICBO le eee 
Emitter Cutoff Current (VEpB = 3.0 Vdc, Ic = 0) | lepo | | 


ON CHARACTERISTICS 


DC Current Gain(2) 
(Ic = 1.0 mAdc, Vcg = 10 Vdc) MPQ6001, MPQ6501 
MPQ6002, MPQ6502 

















(Ic = 10 mAdc, Vcg = 10 Vdc) MPQ6001, MPQ6501 
MPQ6002, MPO6502 


(Ic = 150 mAdc, Vcg = 10 Vdc) MPQ6001, MPQ6501 
MPQ6002, MPQ6502 


(I¢ = 300 mAdc, VcE = 10 Vdc) MPQ6001, MPQ6501 
| MPQ6002, MPQ6502 





(1) Voltage and Current are negative for PNP Transistors. 
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MPQ6001, MPQ6002, MPQ6501, MPQ6502 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


[SSC harcteit——SS*dCS mbt | in| to | Mex [Un | 


VCE(sat) 
(I¢ = 300 mAdc, Ip = 30 mAdc) 


VBE(sat) Vde 
1.3 
2.0 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(2) fT 200 350 MHz 
(I¢ = 50 mAdc, VcgE = 20 Vdc, f = 100 MHz) 





Collector-Emitter Saturation Voltage(2) 
(i¢ = 150 mAdc, Ip = 15 mAdc) 
(I¢ = 300 mAdc, Ip = 30 mAdc) 


Base-Emitter Saturation Voltage(2) 
(I¢ = 150 mAdc, lp = 15 mAdc) 









































Output Capacitance Cobo pF 
6.0 8.0 
NPN — 4.5 8.0 
Input Capacitance Cibo | pF 
(VERB = 2.0 Vdc, Ic = 0, f = 1.0 MHz) PNP 20 30 
NPN 17 30 
Turn-On Time O- 
(Vcc = 30 Vdc, Veg = 0.5 Vde, Ic = 150 mAdc, 
Turn-Off Time toff 225 
(Vcc = 30 Vdc, Ic = 150 mAdc, . 
Ip1 = Ip2 = 15 mAdc) 
(1) Second Breakdown occurs at power levels greater than 3 times the power dissipation rating. ; 


(VcgR = 10 Vdc, IE = 0, f = 1.0 MHz) PNP 
SWITCHING CHARACTERISTICS 
ton 3 
IB7 = 15 mAdc, Figure 1) | 
(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
NPN DATA 


FIGURE 1 — NORMALIZED DC CURRENT GAIN 
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Ic, COLLECTOR CURRENT (mA) 


FIGURE 2 — “ON” VOLTAGES FIGURE 3 — TEMPERATURE COEFFICIENTS 
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MPQ6001, MPQ6002, MPQ6501, MPQ6502 


NOISE FIGURE 
_ (VcE = 10 Vde, Ta = 25°C) 


FIGURE 4 — FREQUENCY EFFECTS FIGURE 5 — SOURCE RESISTANCE EFFECTS — 
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MAXIMUM RATINGS 


ie Symbol 











MPQ6100A 
MPQ6600A1 







Collector-Base Voltage 
| 


Total Device Dissipation 
@ Tp = 25°C 
Derate above 25°C 






Transistors 
Equal Power 








Total Device Dissipation 












@ Tc = 25°C 
Derate above 25°C 6.7 19.2 mWw/°C 
Operating and Storage Junction TJ. Tstg —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 






Junction to | Junction to 
Characteristic Case Ambient 
Thermal Resistance(1) Each Die 151 250 °C/W 
Effective, 4 Die 52 139 °C/W 
Coupling Factors Q1-Q4 or Q2-03 34 70 % 
2.0 26 % 





Q1-Q2 or Q3-04 


(1) RejJA is measured with the device soldered into a typical printed circuit board. 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
Characteristic 





OFF CHARACTERISTICS 






Collector-Emitter Breakdown Voltage(2) 
(Ic = 10 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage 
(Ic = 10 wAdc, IE = 0) 


Emitter-Base Breakdown Voltage 
(IE = 10 pAdc, Ic = 0) 


MPQ6100A,6600A1 


ON CHARACTERISTICS(2) 


DC Current Gain 
(I¢ = 100 wAdc, VcE = 5.0 Vdc) 
(Ic = 500 pAdc, VcgE = 5.0 Vdc) 
(I¢ = 1.0 mAdc, Vcg = 5.0 Vdc) 
(I¢ = 10 mAdc, VcE = 5.0 Vdc) 


MPQ6100A,6600A1 
MPQ6100A,6600A1 
MPQ6100A,6600A1 
MPQ6100A,6600A1 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 1.0 mAdc, Ip = 100 »Adc) 


Base-Emitter Saturation Voltage 
(I¢ = 1.0 mAdc, Ig = 100 »Adc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 


(Ic = 500 wAdc, VcE = 5.0 Vdc, f = 20 MHz) 


Output Capacitance 
(VcB = 5.0 Vde, Ig = 0, f = 1.0 MHz) 





MPQ6100A 


STYLE 1 
TYPE A 


MPQ6600A1* 


STYLE 1 
TYPE B 


CASE 646-06 


TO-116 


TYPE A TYPE B 


144 13 12 11 10 9 12 11 10 
Seer e 


COMPLEMENTARY 


Ly LILI CIWS Lo 
eae ae aa as as Nae Te TS 
QUAD COMPLEMENTARY PAIR 


TRANSISTORS 
NPN/PNP(1) SILICON 


*This is a Motorola 
designated preferred device. 


Refer to 2N3799 in Section 3 for PNP Curves. 


| Symbol | Min | Typ | Max | Unit 


reme TT 
(Vcp = 50 Vde, Ip = 0) 






an ae 
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MPQ6100A, MPQ6600A1 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


_ Characteristic 


Input Capacitance 
(Veg = 0.5 Vde, Ic = 0, f = 1.0 MHz) 





f = 1,0 kHz, BW = 10 kHz) . 
MATCHING CHARACTERISTICS (MPQ6600A1 ONLY) 


DC Current Gain Ratio 
(I¢ =.:100 wAdc, VcE = 5.0 Vdc) 





Noise Figure . | 
(Ic = 100 pAdc, Vcge = 5.0 Vde, Rg = 10 k ohms, 





Base- Emitter Voltage Differential \VBE1-VBE2! mVdc 
(i¢ ='100 wAdc, Vce = 5.0 Vdc) 


(1) Voltage and Current are negative for PNP Transistors. 
(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 





Collector-Emitter Voltage 
Collector-Base Voltage /Vcpo | (i ti(‘i‘*d 
Emitter-Base Voltage VEBO 
Collector Current — Continuous ic [500s m 


Ic 
Four Die 
Each Die | Equal Power 
@ Ta = 25°C(1) 500 900 mW 
Derate above 25°C 4.0 7.2 mWw/°C 
Total Device Dissipation 
@ Tc = 28°C 825 2400 mW 
Derate above 25°C 6.7 19.2 mWw/°C 
Operating and Storage Junction Ty, Tstg —55 to +150 °C 
Temperature Range 


(1) Second Breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 








MPQ6426 


CASE 646-06, STYLE 1 
TO-116 









crs 


Total Device Dissipation 







THERMAL CHARACTERISTICS 


Junction to | Junction to 
Characteristic Case Ambient 
Thermal Resistance Each Die 151 250 °C 
Effective, 4 Die 5 139 “¢. 
3 


DARLINGTON TRANSISTOR 
NPN SILICON 





2 
Coupling Factors Q1-04 or Q2-Q3 4 70 % 
Q1-Q2 or Q3-04 2.0 26 % 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO : Vdc 
(Ic = 10 mAdg, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 100 pAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 12 Vde 
(l—E = 10 pAdc, I¢ = 0) | 
Collector Cutoff Current 
(VcgB = 30 Vdc, IE = 0) 











ON CHARACTERISTICS(2) 


DC Current Gain 
(Ic = 10 mAdc, Vcg = 5.0 Vdc) 
(I¢ = 100 mAdc, VcE = 5.0 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) 
(lc = 100 mAdc, Ig = 0.1 mAdc) 

Base-Emitter On Voltage VBE(on) 
(I¢ = 100 mAdc, VcgE = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(ic = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 





Output Capacitance 


(Vcp = 10 Vdc, Ip = 0, f = 1.0 MHz) 


Input Capacitance 
(VERB = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 








MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


2-225 





MPQ6426 


NOISE CHARACTERISTICS 
_ (VCE = 5.0 Vdc, Ta = 25°C) 


FIGURE 1 — NOISE VOLTAGE FIGURE 2 — NOISE CURRENT 
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en, NOISE VOLTAGE (nV) 
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FIGURE 3 — TOTAL WIDEBAND NOISE VOLTAGE | FIGURE 4 — WIDEBAND NOISE FIGURE 
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DYNAMIC CHARACTERISTICS 


| FIGURE 5 — CAPACITANCE | FIGURE 6 — HIGH FREQUENCY CURRENT GAIN 
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MPQ6501, MPQ6502 For Specifications, See MPQ6001 Data 
MPQ6600A1 For Specifications, See MPQ6100A Data MPQ6700* 


MAXIMUM RATINGS 


Rating 


CASE 646-06, STYLE 1 
TO-116 
TYPE B 


TYPE B 
1413 12 11 10 9 8 
aalelntaseees 


Collector Current — Continuous 200 


Transistors 


Transistor | Equal Power COMPLEMENTARY 


Total Device Dissipation 
@ Tp = 25°C(1) 
Derate above 25°C 4.0 


Total Device Dissipation 
@ Tc = 25°C 825 2400 mW 
Derate above 25°C 6.7 19.2 mWw/°C 
TRANSISTOR 


—55 to + 150 °C 
NPN/PNP(2) SILICON 


(1) Second breakdown occurs at power levels greater than 3 times the power This is a Motorola 
dissipation rating. 


THERMAL CHARACTERISTICS 


Junction to | Junction to 
Characteristic Case Ambient 
Thermal Resistance Each Die 151 250 °C. 
Effective, 4 Die 52 139 °C/W 
Coupling Factors Q1-04 or Q2-Q03 34 70 % 
Q1-Q2 or Q3-04 2.0 26 % 
ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic | Symbol_| Min | Max | unit | 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(i¢ = 10 mAdc, Ig = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 10 wAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 wAdc, Ic = 0) 
Collector Cutoff Current ICBO nAdc 
(VcB = 30 Vdc, IE = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(I¢ = 0.1 mAdc, VcE = 1.0 Vdc) 
(I¢ = 1.0 mAdc, VcE = 1.0 Vdc) 
(I¢ = 10 mAdc, VcE = 1.0 Vdc) 


Collector-Emitter Saturation Voltage 
(i¢ = 10 mAdc, Ip = 1.0 mAdc) 


Base-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(Ic = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 5.0 Vde, Ig = 0, f = 1.0 MHz) 


COMPLEMENTARY PAIR 





designated preferred device. 









OFF CHARACTERISTICS 



















Input Capacitance 
(VERB = 0.5 Vde, I¢ = 0, f = 1.0 MHz) 





(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) Voltage and Current are negative for PNP Transistors. 
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MAXIMUM RATINGS 


[Emier-Base Vottage ——~+dt Veg | ki 


MPQ6842 


CASE 646-06, STYLE 1 
TO-116 
TYPE B 


Each Transistors 


Transistor | Equal Power 


TYPE B 
4 13 12 11 100 9 8 
PL PF) Piri 6) om) 6 


Total Device Dissipation 
@ Ta = 25°C(1) 
Derate above 25°C 

Total Device Dissipation 
@le: = 25°C 
Derate above 25°C 


COMPLEMENTARY 





(1) Second Breakdown occurs at power levels greater than 3 times the power 
dissipation rating. 
COMPLEMENTARY PAIR 
THERMAL CHARACTERISTICS TRANSISTOR 


Junction to | Junction to 
Characteristic Case Ambient 


Thermal Resistance Each Die 250 °C/W 


NPN/PNP(2) SILICON 





Effective, 4 Die 139 °C/W 


Coupling Factors Q1-04 or Q2-Q3 % 
Q1-Q2 or Q3-04 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 














Collector-Emitter Breakdown Voltage(1) (I¢ = 10 mAdc, Ip = 0) | | Veryceo | 30 | — [| — | vae | 
Collector-Base Breakdown Voltage (Ic = 10 wAdc, IE = 0) | Werceo | 30 | — | — | Vvae | 
Emitter-Base Breakdown Voltage (Ie = 10 Adc, Ic = 0) | Werjepo | 40 | — | — | Vde | 
Collector Cutoff Current (Vcg = 20 Vdc, IE = 0) | icgso | — | — | 50 | nAde | 
[Emitter Cutoff Current (Vep=30Vdcic=0) | tewo | 


ON CHARACTERISTICS(1) 


DC Current Gain (Ic = 0.5 mAdc, Vcg = 1.0 Vdc) 
(Ic = 1.0 mAdc, VcgE = 1.0 Vdc) 
(Ic = 10 mAdc, Veg = 1.0 Vdc) 


Collector-Emitter Saturation Voitage (Ic = 0.5 mAdc, Ig = 0.05 mAdc, 
orc < T <= 70°C) 

Base-Emitter Saturation Voltage (Ic = 0.5 mAdc, lp = 0.05 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(I¢ = 10 mAdc, VcgE = 20 Vde, f = 100 MHz) 
Output Capacitance | 
(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz 


Input Capacitance 
(VER = 0.5 Vdc, Ic = 0, f = 1.0 MHz 












SWITCHING CHARACTERISTICS (Ta = 25°C, Vcc = 5.0 Vdc) 


Propagation Delay Time 
(50% Points TP1 to TP3) 
(50% Points TP2 to TP4) 


Rise Time 
(0.3 V to 4.7 V, TP3 or TP4) 


Fall Time 
(4.7 V to 0.3 V, TP3 or TP4) 





(1) Pulse Test: Pulse Width < 300 us, Duty Cycle = 2.0%. 
(2) Voltage and Current are negative for PNP Transistors. 
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MAXIMUM RATINGS | 
Collector-Emitter Voltage _ 
2 Vdc 














MPQ7041 
MPQ7042_ 
MPQ7043* — 


CASE 646-06, STYLE 1 
-TO-116 


| 150 | 200 | 250 
Collector-Base Voltage Vcepo | 150 | 200 | 250 | Vdc | 
Emitter-Base Voltage Vepso | SO 
Collector Current — Continuous mAdc 


Each — Four Die | 
Die Equal Power 
Pp . 
@ Tp = 25°C © 1700 | mW 
Derate above 25°C 13.6 mW/°C 
Total Device Dissipation 
@ Ta = 25°C 1.25 Watts 
Derate above 25°C 10, mWw/C 
Operating and Storage Junction | Ty, Tstg —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 
Junction to! Junction to 
Characteristic Case Ambient 
Thermal Resistance Each Die 167 °C/W 
73.5 °C/W 


Effective, 4 Die 









Total Device Dissipation 













14 13 12 11 10 9 
on 2 








AMPLIFIER TRANSISTORS 
NPN SILICON 





*This is a Motorola 


Coupling Factors Q1-04 or Q2-03 . 56  % 
Q1-Q2 or Q3-04 10 % ; : 
designated preferred device. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) Rater te MEQ7S AOU greene: 


Characteristic | Symbol | Min | Typ | Max | Unit 





OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(I¢ = 1.0 mAde, Ip = 0): MPQ7041 150 
MPQ7042 200 
MPQ7043 . 250 





















ON CHARACTERISTICS 
hE 
25 45 
40 60 
(I¢ = 30 mAdc, VcE = 10 Vdc) 40 
_ SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 100 wAde, IE = 0) MPQ7041 150 
MPQ7042 200 
. MPQ7043 250 
DC Current Gain 
80 
Collector-Emitter Saturation Voltage VCE(sat) 03 Vdc 
(I¢ = 20 mAde, Ip = 2.0 mAdc) 
Current-Gain — Bandwidth Product 


Emitter-Base Breakdown Voltage | V(BR)EBO Vde 
(IE = 100 wAdc, Ic. = 0) 
(I¢ = 1.0 mAdc, Vee = 10 Vdc) 
(ic = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 


Collector Cutoff Current ICBO | nAdc 
(VcB = 120 Vde, IE = 0) MPQ7041 100 | 
(Vcp = 150 Vde, Ig = 0) MPQ7042 , 100 
(Veg = 180 Vde, Ip = 0) MPQ7043 100 
(i¢ = 10 mAde, VcE = 10 Vdc) 
(I¢ = 20 mAdc, Ig = 2.0 mAdc) 
Output Capacitance 


(Vog = 20 Vde, Ig = 0, f = 1.0 MHz) 
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MAXIMUM RATINGS 


Four Die 
Equal 
Power 


Total Device Dissipation 
@ Tp = 25°C 1700 mW 
Derate above 25°C 13.6 mWw/°C 


Total Device Dissipation 
@Tc = 25°C 3.2 
Derate above 25°C 10 25.6 





THERMAL CHARACTERISTICS 


Junction to| Junction to 
Characteristic Case Ambient 
Thermal Resistance Each Die 100 167 °C/W 
Effective, 4 Die 39 73.5 °C/W 
Coupling Factors Q1-04 or Q2-03 46 56 % 
Q1-Q2 or 03-04 5.0 10 % 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 









MPQ7051* 


CASE 646-06, TYPE 
TO-116 


TYPE B 
13°12 11 10 9 8 
aleke 


COMPLEMENTARY PAIR 
TRANSISTOR 


NPN/PNP(1) SILICON 


*This is a Motorola 
designated preferred device. 





OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 1.0 mAde, lg = 0) 

Collector-Base Breakdown Voltage 
(Ic = 100 pAdec, IE = 0) 


Emitter-Base Breakdown Voltage 
(Ile = 100 pAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 120 Vdc, IE = 0) 


Emitter Cutoff Current 
(VBE = 3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 









DC Current Gain (Ic = 1.0 mAdc, VcE = 10 Vdc) 
(Ic = 10 mAdc, Vcg = 10 Vdc) 


(Ic = 30 mAdc, Vcge = 10 Vdc) 









SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 


(VcB = 20 Vdc, Ic = 0, f = 1.0 MHz) 


Input Capacitance 
(VERB = 3.0 Vdc, Ic = 0, f = 1.0 MHz) 


(1) Voltage and current are negative for PNP transistors. 





Collector-Emitter Saturation Voltage (Ic = 20 mAdc, Ip = 2.0 mAdc) VCE(sat) fo — | 07 | Vde | 
Base-Emitter Saturation Voltage (l¢ = 20 mAdc, Ig = 2.0 mAdc) VBE(sat) — 
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MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage VCEO 
Collector-Base Voltage VCBO 


Emitter-Base Voltage VEBO 


Collector Current — Continuous 


Each Four Die 
Die | Equal Power 


MPQ7091 
MPQ7093* 


CASE 646-06, STYLE 1 
TO-116 


Total Device Dissipation 
@ Ta = 25°C 750 1700 mW 
Derate above 25°C 5.98 13.6 mW/°C 


Total Device Dissipation 

@ Tc = 25°C 1.25 3.2 

Derate above 25°C 10 25.6 
Operating and Storage Junction Ty, Tstg — 55 to +150 “Cc 

Temperature Range 
THERMAL CHARACTERISTICS QUAD 

denctiontol Guncuen is AMPLIFIER TRANSISTORS 
Characteristic Case Ambient PNP SILICON 
Thermal Resistance Each Die 100 167 °C/W x*This is a Motorola 
Effective, 4 Die 39 73.5 °C/W 
Coupling Factors Q1-04 or Q2-03 % 
Q1-Q2 or Q3-04 % 


designated preferred device. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Refer to MPQ7051 for graphs. 


V(BR)CEO Vdc 
— 150 
— 250 
V(BR)CBO | Vde 
— 150 
— 250 
Emitter-Base Breakdown Voltage V(BR)EBO — 5.0 Vde 
(l—E = —100 wAdc, Ic = 0) 


Collector Cutoff Current ICBO nAdc 
(VcB = —120 Vdc, IE = 0) MPQ7091 — 250 
MPQ7093 — 250 
Emitter Cutoff Current lEBO — 100 nAdc 
(VEB = —3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = —1.0 mAdc, Vcg = —10 Vdc) 
(ic = —10 mAdc, Vcg = —10 Vdc) 
(l¢ = —30 mAdc, VcE = — 10 Vdc) 


14 13 






















OFF CHARACTERISTICS 













Collector-Emitter Breakdown Voltage 
(Ic = —1.0 mAdc, Ip = 0) MPQ7091 
MPQ7093 








Collector-Base Breakdown Voltage 
(l¢ = —100 pAdc, IE = 0) MPQ7091 
MPQ7093 































SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = —10 mAdc, VceE = —20 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = —20 Vdc, Ie = 0, f = 1.0 MHz) 


Input Capacitance 


(VEg = —3.0 Vdc, Ic = 0, f = 1.0 MHz) 
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MPS404A* 


CASE 29-02, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS | 


Collector-Emitter Voltage 


Collector-Base Voltage a 
Emitter-Base Voltage iy 
Collector Current — Continuous 


=> 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS. 


Thermal Resistance, Junction to Ambient RaJA(1) 
Thermal Resistance, Junction to Case ReJc i 





CHOPPER TRANSISTOR 
PNP SILICON 






*This is a Motorola 
designated preferred device. 







ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) 
(Ic = —10 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = —10 pAdc, Ie = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = —10 pAdc, Ic = 0) 

Collector Cutoff Current ICBO 
(VcB = —10 Vdc, IE = 0) 

Emitter Cutoff Current 


(VBE = —10 Vdc, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain hre 
(lc = —12 mAdc, Vcfe = —0.15 Vde) 

Collector-Emitter Saturation Voltage VCE(sat) 
(IC = ~—12 mAdc, lp = —0.4 mAdc) 
(IC = —24 mAdc, Ip = —1.0 mAdc) 

Base-Emitter Saturation Voltage 
(I¢ = —12 mAdc, |p = —0.4 mAdc) 
(I¢ = —24 mAds, lg = —1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Common-Base Cutoff Frequency 
(Ic = —1.0 mAdc, Vcg = 6.0 Vdc) 









Output Capacitance 
(VcB = —6.0 Vdc, Ig. = 0, f = 1.0 MHz) 
(2) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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Ver, EMITTER-COLLECTOR VOLTAGE (mV) 
Vcg, COLLECTOR-EMITTER VOLTAGE (mV) 


hee, DC CURRENT GAIN 


hee, DC CURRENT GAIN 


MPS404A 


FIGURE 1 — COLLECTOR-EMITTER VOLTAGE 


NORMAL MODE 
INVERTED MODE 


— 60 


=i,0 =20' 30, -=50=76.=10 = 202/20 
Ic, COLLECTOR CURRENT (mA) 
Ie, EMITTER CURRENT (mA) 


NORMAL MODE 


FIGURE 3 — DC CURRENT GAIN @ Vcg = —0.15 Vdc 
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FIGURE 5 — DC CURRENT GAIN @ VcE = —1.0 Vde 
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FIGURE 4 — DC CURRENT GAIN @ Vec = —0.1 
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oe 


MPS404A 


FIGURE 7 = COLLECTOR SATURATION REGION 
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FIGURE 11 — TURN-ON TIME 
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FIGURE 12 — TURN-OFF TIME 
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MPS404A 


FIGURE 13 — SWITCHING TIME TEST CIRCUIT 


Vec — 10V 







TO SCOPE 


Vin 







Voltages and resistor values shown 
are for lc = 10 mA, Ic/lp = 10 
and !p1 = Ipg. Resistor values 
changed to obtain curves in 
Figures 11 and 12. 


Vin VBB 
(Volts) | (Volts) 





FIGURE 14 — STORED BASE CHARGE TEST CIRCUIT 


Rc (560 0) 


Vcc 








OUTPUT 


Cy 
(0-250 pF) 
Rp \N. 


INPUT | Vin (6.6 kQ) 


Voltage Waveforms 


0 
Bin [psn tr, tf << 15 ns 
6.0 V 
| | 


Qs = Cy Vin. | | 
Qs3 or Os7 by B-Line Electronics | 


or equivalent may also be used. 


MEASUREMENT PROCEDURE 

C1 is increased until the tof time of 
the output waveform is decreased to 
0.2 xs, Qs is then calculated by 
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MPS536 


CASE 29-04, STYLE 2 
TO-92 (TO-226AA) 





3 Collector 


>> 





MAXIMUM RATINGS 
Rating 












2 Emitter 





Collector-Emitter Voltage 


| 

Ic 

Power Dissipation @ Ta = 25°C Le dee mW 
Derate above 25°C 5.0 mW/°C 


*Free air 










HIGH FREQUENCY 
TRANSISTOR 









PNP SILICON 





ELECTRICAL CHARACTERISTICS (Tc = 25°C *For both package types unless otherwise noted.) 


[Characters i Sb | in| ty | Max | Un 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (ic = —2.0 mA, Ip = 0) V(BR)CEO Cee = 
Collector-Base Breakdown Voltage (Ic = —100 wA, IE ) V(BR)CBO —15 iS ae 







=0 
Emitter-Base Breakdown Voltage (IE = —10 uA, Ic = 0) V(BR)EBO 
ICBO 





Collector Cutoff Current (Vcgp = —10 Vdc, IE = 0) 
ON CHARACTERISTICS 





[DC Current Gain ic = -20mAVce= -50v) Tre =| 0 | | 00 | 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = -—20 mAdc, Vcg = —5.0 Vdc, f = 1.0 GHz) 


Collector-Base Capacitance 
(VcB = —5.0 Vdc, IF = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Gain @ Noise Figure 
(Ic = —10 mAdc, VcgE = —5.0 Vdc) 





Noise Figure 
(Ic = —10 mAdc, VcE 
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MPS536 





Ir = 20 mA: 


Vcp = 5V 
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Figure 2. Maximum Available Gain (Gama x) 


Figure 1. Current Gain-Bandwidth Product 


versus Frequency 


versus Collector Current 
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Figure 4. Gain at Noise Figure versus 
Collector Current 
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Figure 6. Input Capacitance versus 


Figure 5. Noise Figure versus Collector Current 


Emitter-Base Voltage 
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MPS536 
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Figure 7. Output Capacitance versus 
Collector-Base Voltage 


FORWARD/REVERSE — 
INPUT/OUTPUT REFLECTION COEFFICIENT TRANSMISSION COEFFICIENTS 
versus versus ; 
FREQUENCY FREQUENCY 
VcE = 10 V, Ic = 10 mA VcE = 10 V, Ic = 10 mA 


~ 0.60 © 
0.30 
0.17 
0.15 
0.28 
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NPN 
MPS650, MPS651* 


PNP(3) 


MPS750, MPS751* 


MAXIMUM RATINGS 


| nating | symbot | rane | ra 
Rating Symbol MPS750 
| Collector-Emitter Voltage | Vce_ | 40 | SO 
[Collector-Base Voltage || Vea | 60 |S 

| Ves {| 50 Vide 










Emitter-Base Voltage 


Collector Current — Continuous 


Total Power Dissipation 
@ Ta = 25°C 
Derate above 25°C 


Total Power Dissipation 
@ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction Es; Tstg —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


| Characteristic =| “Symbol | = Max | Unit_—| 
Thermal Resistance, Junction to Ambient | Rea | 200s | cw 


Thermal Resistance, Junction to Case ReJjc °C/W 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit _ | 


V(BR)CEO Vde 
40 
60 
(Ic = 100 pAde, IE = 0) MPS650, MPS750 


V(BR)CBO Vde 
60 
MPS651, MPS751 80 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(I¢ = 0, l— = 10 wAdc) 


CASE 29-04, STYLE 1 3 Collector 
TO-92 (TO-226AA) 


2 





Base 








1 Emitter 


3 Collector 









1 Emitter 


AMPLIFIER TRANSISTORS 


*These are Motorola 
designated preferred devices. 









OFF CHARACTERISTICS 










Collector-Emitter Breakdown Voltage(1) 
(I¢ = 10 mAdc, Ig = 0) MPS650, MPS750 
MPS651, MPS751 




















Collector-Base Breakdown Voltage 



































DC Current Gain 
(Ic = 50 mA, VcE = 2.0 V) 
75 
40 
Collector-Emitter Saturation Voltage VCE(sat) Vde 
(ic = 2.0 A, lB = 200 mA) 
(Ic = 1.0 A, Ig = 100 mA) 
Base-Emitter On Voltage VBE(on) Vdc 
(Ic = 1.0 A, VcE = 2.0 V) 


Collector Cutoff Current ICBO pAdc 
(VcB = 60 Vdc, IE = 0) MPS650, MPS750 
(VcB = 80 Vdc, IE = 0) MPS651, MPS751 

Emitter Cutoff Current pAdc 
(VEB = 4.0 V, Ic = 0) 
(Ic = 500 mA, VcE = 2.0 V) 
(Ic = 1.0 A, VcE = 2.0 V) 

Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 1.0 A, Ig = 100 mA) 

SMALL-SIGNAL CHARACTERISTICS 


ON CHARACTERISTICS(1) 
hFE 
(Ic = 2.0 A, VcE = 2.0 V) 
Current-Gain — Bandwidth Product(2) 








(Ic = 50 mAdc, Vcg = 5.0 Vdc, f = 100 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle = 2.0%. 
(2) fr is defined as the frequency at which |h¢g| extrapolates to unity. 
(3) Voltage and current are negative for PNP transistors. 
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NPN MPS650, MPS651, PNP MPS750, MPS751 


FIGURE 1 — MPS650, MPS651 
TYPICAL DC CURRENT GAIN 
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FIGURE 5 — MPS650, MPS651 
COLLECTOR SATURATION REGION 
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FIGURE 2 — MPS750, MPS751 
TYPICAL DC CURRENT GAIN. 
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FIGURE 4 — MPS750, MPS751 
ON VOLTAGES 
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FIGURE 6 — MPS750, MPS751 
COLLECTOR SATURATION REGION 
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NPN MPS650, MPS651, PNP MPS750, MPS751 


FIGURE 8 — MPS750, MPS751 SOA, 


FIGURE 7 — MPS650, MPS651 SOA, 


SAFE OPERATING AREA 


SAFE OPERATING AREA 
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MPS918* 
MPS3563 
CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 
QS 














MAXIMUM ane 


Collector-Emitter Voltage | Veeco | 15 | 12 | 
Collector-Base Voltage Peso [|e 
Emitter-Base Voltage W290. 2G 2 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 

















' 3 Collector — 









1 Emitter 


THERMAL CHARACTERISTICS 


an ee Ew 
[Pasa 


AMPLIFIER TRANSISTORS 


NPN SILICON 
*This is a Motorola 
designated preferred device. 





Thermal Resistance, Junction to Ambient | Rgjalt) 
Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 





p Characteristic | Symbot | Min [max | unit | 


OFF CHARACTERISTICS 











Collector-Emitter Breakdown Voltage(2) 
(I¢ = 3.0 mAde, Ig = 0) MPS918 
MPS3563 







ou pe f-[*) 
= Firokd 
_ --[a[™. 

(i¢ = 3.0 mAdc, VcE = 1.0 Vdc) MPS918 


(Ic = 8.0 mAde, VcE = 10 Vdc) MPS3563 ett ee 


Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 10 mAdc, lg = 1.0 mAdc) MPS918 


Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 10 mAde, Ig = 1.0 mAdc) MPS918 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(Ic = 4.0 mAdc, VcgE = 10 Vdc, f = 100 MHz) MPS918 
(I¢ = 8.0 mAdc, VcE = 10 Vdc, f = 100 MHz) MPS3563 


Output Capacitance 
(VcB = 0 Vde, Ie = 0, f = 1.0 MHz) MPS918 
(VcB = 10 Vdc, Ie = 0 ; MPS918 
(VcB = 10 Vdc, Ig = 0 1.0 MHz) MPS3563 


input Capacitance 
(Veg = 0.5 Vdc, Ic = 0, f = 1.0 MHz) MPS918 


Small-Signai Current Gain 
(I¢ = 8.0 mAdc, VcE = 10 Vde, f = 1.0 kHz) MPS3563 






Collector-Base Breakdown Voltage 
(Ic = 1.0 wAde, Ie = 0) MPS918 
(ic = 100 wAdc, Ip = 0) MPS3563 
Emitter-Base Breakdown Voltage 
(lg = 10 wAdc, Ic = 0) MPS918 
MPS3563 















Collector Cutoff Current 
(Vcp = 15 Vdc, Ie = 0) MPS918 
MPS3563 





ON CHARACTERISTICS 












DC Current Gain(2) 





Weoal 








Noise Figure 
(I¢ = 1.0 mAdc, VceE = 6.0 Vdc, Rg = 400 ohms, f = 60 MHz) MPS918 





(1) Raja is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 1.0%. 





MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES. 


2-248 


MPS918, MPS3563 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Pp Characteristic | Symbol | Min | Max | Unit 


FUNCTIONAL TEST 





Common-Emitter Amplifier Power Gain 
(Ic = 6.0 mAdc, Vcp = 12 Vdc, f = 200 MHz) MPS918 
(i¢ = 8.0 mAdc, VcgE = 10 Vdc, f = 200 MHz) MPS3563 
(Gfq + Gre < —20 dB) 


Power Output 
(I¢ = 8.0 mAdc, Vcg = 15 Vde, f = 500 MHz) MPS918 


Oscillator Collector Efficiency 
(Ic = 8.0 mAdc, Vcg = 15 Vdc, Poyt = 30 mW, f = 500 MHz) MPS918 





eset TTS PPT Pc nt nti Te et A SSS 
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MPS2222,A* 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


QS —_ 3 Collector 


dati calle 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Total Device Dissipation @ To = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


1 Emitter 


GENERAL PURPOSE 
TRANSISTORS 


NPN SILICON 


%*&MPS2222A is a Motorola 
designated preferred device. 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 10 mAdc, Ip = 0) MPS2222 
MPS2222A 


Collector-Base Breakdown Voltage V(BR)CBO 
(ic = 10 wAde, Ie = 0) MPS2222 
MPS2222A 
Emitter-Base Breakdown Voltage V(BR)EBO 
(lz = 10 wAdc, Ic = 0) MPS2222 
MPS2222A 





Collector Cutoff Current 
(VCE = 60 Vdc, VEB(off) = 3.0 Vdc) MPS2222A 


Collector Cutoff Current 
(VcB = 50 Vdc, IE = 0) MPS2222 
(VcB = 60 Vdc, IE = 0) MPS2222A 
(Vcp = 50 Vdc, Ie = 0, Ta = 125°C) MPS2222 
(Vcp = 50 Vdc, Ie = 0, Ta = 125°C) MPS2222A 


Emitter Cutoff Current 
(VERB = 3.0 Vdc, Ic = 0) MPS2222A 


Base Cutoff Current 
(VcE = 60 Vdc, VEB(off) = 3.0 Vdc) MPS2222A 


ON CHARACTERISTICS 


DC Current Gain 
(i¢ = 0.1 mAdc, Vee = 10 Vdc) 
(Ic = 1.0 mAdc, VcE = 10 Vdc) 
(I¢ = 10 mAdc, VcE = 10 Vdc) 
(Ii¢ = 10 mAdc, Vcf = 10 Vdc, Ta = —55°C) MPS2222A only 
(Ic = 150 mAdc, Vcf = 10 Vdc)(1) 
(Ic = 150 mAdc, VcE = 1.0 Vde)(1) 
(ic = 500 mAdc, VcE = 10 Vdc)(1) MPS2222 
MPS2222A 


30 
40 
Collector-Emitter Saturation Voltage(1) VCE(sat) 
(I¢ = 150 mAdc, Ip = 15 mAdc) MPS2222 
MPS2222A 
(Ic = 500 mAdc, Ip = 50 mAdc) MPS2222 
MPS2222A 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 











2-250 


MPS2222, A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| Min | Max | Unit __ | 





Base-Emitter Saturation Voltage(1) VBE(sat) 
(I¢ = 150 mAdc, Ip = 15 mAdc) MPS2222 
MPS2222A 
(I¢ = 500 mAdc, Ip = 50 mAdc) MPS2222 
MPS2222A 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(I¢ = 20 mAdc, VcgE = 20 Vdc, f = 100 MHz) MPS2222 
MPS2222A 


Output Capacitance 
(Vcgp = 10 Vdc, IE = 0, f = 1.0 MHz) 


Input Capacitance 
(Veg = 0.5 Vdc, Ic = 0, f = 1.0 MHz) MPS2222 
MPS2222A 





Input Impedance 
(I¢ = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MPS2222A 
(I¢ = 10 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) MPS2222A 


Voltage Feedback Ratio 
(I¢ = 1.0 mAdc, Vcg = 10 Vde, f = 1.0 kHz) MPS2222A 
(I¢ = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MPS2222A 


Small-Signal Current Gain 
(I¢ = 1.0 mAdc, Vege = 10 Vdc, f = 1.0 kHz) MPS2222A 
(ic = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) MPS2222A 


Output Admittance 
(I¢ = 1.0 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) MPS2222A 
(I¢ = 10 mAdc, VcE = 10 Vde, f = 1.0 kHz) MPS2222A 


Collector Base Time Constant 
(le = 20 mAdc, Vcpg = 20 Vdc, f = 31.8 MHz) MPS2222A 


Noise Figure 
(i¢ = 100 wAdc, VcE = 10 Vde, Rg = 1.0 kO, f = 1.0 kHz) MPS2222A 


SWITCHING CHARACTERISTICS MPS2222A only 


Delay Time (Vcc = 30 Vde, VBE(oft) = —0.5 Vdc, | ons 
| ons | 
i= ee 
ocala s 





Rise Time Ic = 150 mAdsc, Igz = 15 mAdc) (Figure 1) 


Storage Time (Vcc = 30 Vde, Ic = 150 mAdc, 
Fall Time Ip1 = Ip2 = 15 mAdc) (Figure 2) 





(1) Pulse Test: Pulse Width < 300 pus, Duty Cycle < 2.0%. 
(2) ff is defined as the frequency at which |h¢g| extrapolates to unity. 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 










FIGURE 1 — TURN-ON TIME FIGURE 2 — TURN-OFF TIME 
+30 V | +30 V 
-»| L- 1.0 to 100 us, DUTY 200 ->| I 1.0 to 100 us, ae S66 
+16 V | CYCLE © 2%. +16 V CYCLE © 2% 
0 0 
“ee ss 'Cg* < 10 pF -14V = ICg* < 10 pF 
| <2ns maw aad - < 20 ns 1N914 ese) 


Scope Rise Time < 4ns 
*Total shunt capacitance of test jig, 
connectors, and oscilloscope. 
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CAPACITANCE (pF) 


V, VOLTAGE (VOLTS) 


NF, NOISE FIGURE (dB) 









MPS2222, A 


FIGURE 7 — FREQUENCY EFFECTS 
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MPS2369,A* 


CASE 29-04, STYLE 1 
MAXIMUM RATINGS TO-92 (TO-226AA) 


fe eng ee 
ieee eae eI 
[colestorémiter Votage——~S*dSCVces | avo 
[colectoraese Votage ——=—~S«dt cag | 40d veo —| 
ae Se ee 


Total Device Dissipation @ Ta = 25°C. me 
Derate above 25°C 5.0 a WG 
Operating and Storage Junction . TJ, Tstg | —55 to +150 
Temperature Range 
THERMAL CHARACTERISTICS 


| Characteristic =| Symbol | = Max | Unit __ 
Thermal Resistance, Junction to Ambient 









3 Collector 








1 Emitter 






SWITCHING TRANSISTORS 


NPN SILICON 











* MPS2369A is a Motorola 
designated preferred device. 





ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise noted.) 


Symbol [Min [tye [Max [Une 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(Ic = 10 mAdc, Ig = 0) MPS2369A 

Coilector-Emitter Breakdown Voltage V(BR)CES 
(Ic = 10 pAdc, Vee = 0) MPS2369,A 

Collector-Base Breakdown Voltage V(BR)CBO 
(I¢ = 10 wAdc, IE = 0) ~. MPS2369,A 

Emitter-Base Breakdown Voltage V(BR)EBO 
(l—E = 10 wAdc, Ic = 0) MPS2369,A 


Collector Cutoff Current 
(VcB = 20 Vdc, IE = 0) 
(VcB = 20 Vde, Ie = 0, Ta = 125°C) MPS2369,A 


Collector Cutoff Current 
(VCE = 20 Vdc, Veg = 0) MPS2369,A 


ON CHARACTERISTICS 


DC Current Gain(1) 
(I¢ = 10 mAdc, Vcg = 1.0 V) MPS2369A 
-(I¢ = 10 mAdc, VcE = 1.0 Vdc, Ta = _55°C) MPS2369 
(I¢ = 10 mAdc, VcgE = 1.0 Vdc) MPS2369 
(I¢ = 10 mAdc, Vce = 0.35 Vdc) MPS2369A 
(Ic = 10 mAdc, Vcg = 0.35 Vde, Ta = —55°C) MPS2369A 
(Ic = 30 mAdc, VcE = 0.4 Vdc) MPS2369A 
(Ic = 100 mAdc, VcE = 2.0 Vdc) | MPS2369 
(I¢ = 100 mAdc, VcE = 1.0 Vdc) - MPS2369A 





Collector-Emitter Saturation Voltage(1) VCE(sat) | 
(Ic = 10 mAdc, Ig = 1.0 mAdc) MPS2369 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) MPS2369A 
(I¢ = 10 mAdc, Ip = 1.0 mAdc, Ta = +125°C) MPS2369A 
(I¢ = 30 mAdc, Ip = 3.0 mAdc) MPS2369A 
(Ic = 100 mAdc, Ip = 10 mAdc) MPS2369A 


Base-Emitter Saturation Voltage(1) VBE(sat) 
(Ic = 10 mAdc, Ip = 1.0 mAdc) MPS2369 
(Ic = 10 mAdc, lg = 1.0 mAdc, Ta MPS2369A 
(Ic = 10 mAdc, Ig = 1.0 mAdc, Ta MPS2369A 
(I¢ = 30 mAdc, Ip = 3.0 mAdc) MPS2369A 
(Ic = 100 mAdc, Ig = 10 mAdc) MPS2369A 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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MPS2369,A 


ELECTRICAL CHARACTERISTICS (Continued) (Ta = 25°C unless otherwise noted.) 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Vcg = 5.0 Vdc, te = 0, f = 1.0 MHz) MPS2369,A 


Small Signal Current Gain 
(Ic = 10 mAdc, Vcf = 10 Vdc, f = 100 MHz) MPS2369,A 


SWITCHING CHARACTERISTICS 


Storage Time 
(ig1 = IB2 = Ic = 10 mAdc) (Figure 3) MPS2369,A 





Turn-On Time 
(Vcc = 3.0 Vdc, I¢ = 10 mAdc, IR1 = 3.0 mMAdc) 
(Figure 1) MPS2369,A 


Turn-Off Time 
(Vcc = 3.0 Vde, Ic = 10 mAdc, Ip1 = 3.0 mAdc, 
Ip2 = 1.5 mAdc) (Figure 2) MPS2369,A 





PULSE WIDTH (t}) = 300 ns 
DUTY CYCLE = 2.0% 


FIGURE 2 — tog CIRCUIT 





PULSE WIDTH (ty) = 300 ns 
DUTY CYCLE = 2.0% 


FIGURE 3 — STORAGE TEST CIRCUIT 






t 
wd,» 

ee 
- Cs* < 3.0 pF 





PULSE WIDTH (ty) = 300 ns 
DUTY CYCLE = 2.0% “a 


*TOTAL SHUNT CAPACITANCE OF TEST JIG AND CONNECTORS. 
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MAXIMUM RATINGS 


oe MPS2907,A* 
MPS2907A | Unit oe pe a 7 


Collector-Emitter Voltage 
Collector-Base Voltage 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


Emitter-Base Voltage 


Collector Current — Continuous 


c 
Total Device Dissipation 
@ Ta = 256°C mw | 
Derate above 25°C mW/°C 


Total Device Dissipation 
@ Tc = 25°C Watts 
Derate above 25°C . mW/°C 


3 Collector 


1 Emitter 


GENERAL PURPOSE 
TRANSISTORS — 


PNP SILICON 
Characteristic 


%*MPS2907A is a Motorola 
designated preferred device. 


Thermal Resistance, Junction to Ambient 


Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 








OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(Ic = —10 mAdc, Ig = 0) MPS2907 —40 
MPS2907A -60 
Coliector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = —10 wAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(ile = —10 wAdc, Ic = 0) 
Collector Cutoff Current | ICEX nAdc 
(VcE = —30 Vdc, VeB(off) = —0.5 Vdc) 


Collector Cutoff Current 
(VcBp = —50 Vde, IE = 0) MPS2907 
MPS2907A 
(VcB = —50 Vdc, Ile = 0, Ta = 150°C) MPS2907 
MPS2907A 


Base Current 
(VcE = —30 Vde, VEB(off) = —0.5 Vdc) 


ON CHARACTERISTICS 


DC Current Gain 

(Ic = —0.1 mAdc, Vce = —10 Vde) MPS2907 
MPS2907A 

(i¢ = —1.0 mAdc, Vee = —10 Vde) MPS2907 
MPS2907A 

(Ic = —10 mAdc, Vcg = —10 Vde) MPS2907 
MPS2907A 

(ic = —150 mAdc, Vce = -10 Vde)(1) |= MPS2907, MPS2907A 

(ic = —500 mAdc, Vce = —10 Vde)(1) | MPS2907 | 20 
MPS2907A 50 


Collector-Emitter Saturation Voltage (1) VCE(sat) Vde 
(i¢ = —150 mAdc, Ip = —15 mAdc) 
(Ic = —500 mAdc, Ig = —50 mAdc) 

Base-Emitter Saturation Voltage(1) sO VBE(sat Vde 
(ic = —150 mAdc, Ip = —15 mAdc) 
(Ic = —500 mAdc, Ig = —50 mAdc) 
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MPS2907, A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


po haracteristic | Symbot | Min | Max | Unit 


SMALL-SIGNAL CHARACTERISTICS 









Current-Gain — Bandwidth Product(1),(2) 
(Ic = —50 mAdc, VcgE = —20 Vdc, f = 100 MHz) 





Input Capacitance 
(VERB = —2.0 Vde, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


(Voc = —30 Vdc, I¢ = — 150 mAdc, 
Ip1 = —15 mAdc) (Figures 1 and 5) 








Vcc 6.0 Vdc, Ic = —150 mAdc, 
B1 = !B2 = 15 mAdc) (Figure 2) 


( 
| 


Me Ck Ree Bad 


Output Capacitance Cobo pF 
(VcB = —10 Vde, ig = 0, f = 1.0 MHz) 





Fall Time 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) ff is defined as the frequency at which |hge| extrapolates to unity. 


FIGURE 1 — DELAY AND RISE 
TIME TEST CIRCUIT 









FIGURE 2 — STORAGE AND FALL 
TIME TEST CIRCUIT 








INPUT 
Sapa (9) Pew Zo = 502 +15 V -6.0V 
ae 200 PRF = 150 PPS 

PRF = 150 PPS . 

RISE TIME < 2.0 ns RISE TIME < 2.0 ns 

P.W. < 200 ns P.W. < 200 ns 

TO OSCILLOSCOPE | g TO OSCILLOSCOPE 

“2 a RISE TIME <5.0 ns RISE TIME <5.0ns 
—~16V —30 V 

sede li = = | ales ns = = at 











TYPICAL CHARACTERISTICS 


FIGURE 3 — DC CURRENT GAIN 
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t, TIME (ns) 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


NF, NOISE FIGURE (dB) 


MPS2907, A 


FIGURE 4 —- COLLECTOR SATURATION REGION 
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FIGURE 7 — FREQUENCY EFFECTS 
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CAPACITANCE (pF) 


VOLTAGE (VOLTS) 


MPS2907, A 


FIGURE 9 — CAPACITANCES 
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FIGURE 11 — “ON” VOLTAGE 








na 


— 0.6 


SIA 
cr [| [| |] J \fi \i] 
a ee ee oe 
ae ee ee | ee 





(eae (Fame CER | Ce Se IS 
a Oa 
—+ 


— 
: 





Tl eww ous] IMICHT 


0 FRESH mets Tt 


—01 -02 -—05-10-—20 -50-10 ~20 -—50—100-200 —500 
Ic, COLLECTOR CURRENT (mA) 


FIGURE 10 — CURRENT-GAIN — BANDWIDTH PRODUCT 
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FIGURE 12 —~ TEMPERATURE COEFFICIENTS 
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MPS3568 


MAXIMUM RATINGS. 









CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


ISS 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


3 Collector 


Operating and Storage Junction 
Temperature Range 


. 1 Emitter 


AMPLIFIER TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Characteristic _ 
Thermal Resistance, Junction to Ambient 





Thermal Resistance, Junction to: Case 





Refer to MPS8098 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


p Characteristic | Symbot | Min | Max | Unit | 


OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage(1) VCEO(sus) Vde 
(Ic = 30 mAdc, Ig = 0): . . 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 100 Adc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(ig = 10 wAdc, Ic = 0) 

Collector Cutoff Current . ICBO 
(VcB = 40 Vdc, Ig = 0) | nAdc 
(VcB = 40 Vdc, Ie = 0, Ta = 75°C) pAdc 

Emitter Cutoff Current 25 nAdc 
(VER = 4.0 Vdc, Ic = 0) 

hFE 

(I¢ = 30 mAdc, Vcf = 1.0 Vde) 100 

(I¢ = 150 mAdc, VcE = 1.0 Vdc) 100 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(I¢ = 150 mAdc, Ip = 15 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(Ic = 150 mAdc, Ig = 15 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(I¢ = 50 mAdc, VcgE = 10 Vde, f = 20 MHz) 


Output Capacitance 


































ON CHARACTERISTICS(1) 









DC Current Gain 













(Vcp = 10 V, f = 1.0 MHz) 


Input Capacitance 
(Veg = 0.5 Vde, Ic = 0, f = 1.0 MHz) 


(1)Pulse Test: Pulse Width <300 us, Duty Cycle <2.0%. 
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MAXIMUM RATINGS M PS3638, A 


ec ee 
collector Current Continuous +(e | 800 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Tota! Device Dissipation @ Tc = 25°C PDH 
Derate above 25°C 1 


2 
Operating and Storage Junction TJ, Tstg | —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Ambient RgJA(1) 
Thermal Resistance, Junction to Case RgJc 


(1)Rgja is measured with the device soldered into a typical printed circuit board. Refer to 2N4402 for graphs. 






CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 










, 3 Collector 
2 
Bas 


© 


1 Emitter 





SWITCHING TRANSISTORS 


PNP SILICON 







ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol | Min [| Max | Unit 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CES ~25 Vdc 
(Ic = —100 wAdc, Vee = 0) 

Collector-Emitter Sustaining Voltage(1) VCEO(sus) — 25 Vdc 
(I¢ = —10 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = —100 wAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = —100 Adc, Ic = 0) 

Collector Cutoff Current ICES 
(VcE = —15 Vdc, VBE = 
(VcE = ~15 Vdc, VBE 


Emitter Cutoff Current 
(VER = —3.0V, Ic = 0) 








Base Current 
(VceE = —15 Vdc, Veg = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain hFE 

(Ii¢ = —1.0 mAdc, Vee = —10 Vdc) MPS3638A 

(I¢ = —10 mAdc, VcgE = —10 Vdc) MPS3638 
MPS3638A 

(I¢ = —50 mAdc, VcE = ~1.0 Vde) MPS3638 
MPS3638A 

(I¢ = —300 mAdc, VcE = —2.0 Vdc) MPS3638 
MPS3638A 


Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = —50 mAdc, Ip = —2.5 mAdc) 
(I¢ = —300 mAdc, lp = —30 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 
(Ic = -—50 mAdc, Ip = —2.5 mAdc) cs 
(Ic = —300 mAdc, IR = —30 mAdc) 








MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


2-261 





MPS3638, A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


| Characteristic Symbol | Min | Max | Unit 








SMALL-SIGNAL CHARACTERISTICS 

















Current-Gain — Bandwidth Product 
(VcE = —3.0 Vde, Ic = —50 mAdc, f = 100 MHz) MPS3638 
ae ‘'MPS3638A 






Output Capacitance 
(Vcgp = —10 Vdc, Ie =0, f = 1.0 MHz) MPS3638 
MPS3638A 









Input Capacitance 
(VER = —0.5 Vdc, Ic = 0, f = 1.0 MHz) MPS3638 
MPS3638A 











Input Impedance 

(ic = —10 mAdc, Veg = —10 Vdc, f = 1.0 kHz) 

Voltage Feedback Ratio 

(ic = —10 mAdc, Vcg = -10 Vdc, f = 1.0 kHz) MPS3638 
MPS3638A 


Smail-Signal Current Gain hte 
(I¢ = —10 mAdc, Veg = —10 Vdc, f = 1.0 kHz) MPS3638 25 
MPS3638A 100 
| Output Admittance | hoe 1.2 mmhos 
(l¢ = —10 mAdc, Vcf = —10 Vdc, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 


Delay Time (Vcc = —10 Vde, Ic = —300 mAdc, 

















cal amie eae: 
(Voc = —10 Vdc, I¢ = ~300 mAde, 
| 


B1 = —30 mAdc, Ip2 = —30 mAdc) 


Fall Time 
(Ic = —300 mAde, Ig1 = —30 mAdc) 


Turn-Off Time (i¢ = —300 mAdc, lpi = —30 mAdc, lpg = 30 mAdc) 


(1) Pulse Test: Pulse Width <300 ys, Duty Cycle <2.0%. 
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MPS3640 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


[Emiter Bese Votage ~~ a| 
0] 


Collector Current — Continuous Ic 


Total Device Dissipation @ Ta = 25°C 625 
Derate above 25°C 5.0 


Total Device Dissipation @ Tc = 25°C 
Derante above 25°C 







> 3 Collector 








1 Emitter 


SWITCHING TRANSISTOR 


PNP SILICON 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Ambient | Raa | 200 =| ecw | 
Thermal Resistance, Junction to Case ReJc °C/W 


ELECTRICAL CHARACTERISTICS (Ta, = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = — 100 wAdc, Vee = 0) V(BR)CES 
Collector-Emitter Sustaining Voltage(1) (Ic = —10 mAdc, Ip = 0) VCEO(sus) 
hFE 











Collector-Base Breakdown Voltage (Ic = —100 wAdc, Ie = 0) V(BR)CBO 


V(BR)EBO 
Collector Cutoff Current (VcE = —6.0 Vdc, Veg = 0) 


ICES 
(VcE = —6.0 Vdc, Vee = 0, Ta = 65°C) 


Base Current — (VcgE = —6.0 Vdc, Veg = 0) | ig | 


ON CHARACTERISTICS(1) 
DC Current Gain 





Emitter-Base Breakdown Voltage (IE = —100 pAdc, Ic = 0) 


























—0.3 Vdc) 
— 1.0 Vdc) 


(Ic = -—10 mAdc, VcgE = 
(I¢ = —50 mAdc, VcE = 
Collector-Emitter Saturation Voltage 
(l¢ = —10 mAdc, Ip = —1.0 mAdc) 
(I¢ = —50 mAdc, Ig = —5.0 mAdc) 
(I¢ = —10 mAdc, Ip = —1.0 mAdc, Ta = 65°C) 
(I¢ = —10 mAdc, IRB = —0.5 mAdc) 
(I¢ = —10 mAdc, Ip = —1.0 mAdc) 
(Ic = —50 mAdc, Ip = —5.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = —10 mAdc, VcgE = —5.0 Vdc, f = 100 MHz) 


Output Capacitance (Vcgp = —5.0 Vdc, IE =0, f = 1.0 MHz) 
Input Capacitance (VER = —0.5 Vdc, Ic = 0, f = 1.0 MHz) 
SWITCHING CHARACTERISTICS 


(Vcc = —6.0 Vdc, Ic = —50 mAdc, VBE(off) = — 1.9 Vde, 
Fall Time 


Turn-On Time 
(Vcc = —6.0 Vde, Ic = —50 mAdc, Ip, = —5.0 mAdc) 
(Vcc = —1.5 Vde, lc = —10 mAdc, lpi = —0.5 mAdc) 


Turn-Off Time 
(Vcc = —6.0 Vdc, lc = —50 mAdc, Ip1 —5.0 mAdc) 
(Vcc = —1.5 Vde, lc = —10 mAdc, Ip4 = ~—0.5 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 























VBE(sat) 





Base-Emitter Saturation Voltage 


Il 































(Vcc = —6.0 Vde, Ic = —50 mAdc, Igy = IB2 = —5.0 mAdc) 




















ll 
il 
Ii 
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6. 


ft, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 


hee, DC CURRENT GAIN 


Vce, COLLECTOR-EMITTER 
VOLTAGE (VOLTS) 


MPS3640 


FIGURE 1 
Vpp =+1.9 V 


Vcc =-6.0V 


Vout 





PULSE SOURCE 
Rise Time 1.0 ns 
Pulse Width 7100 ns — — 
Zin = 50 Ohms % 
Fall Time= 1.0 ns _ 


TO SAMPLING SCOPE 
Input Z 7100 k 
Rise Time = 1.0 ns 


NOTES: Collector Current = 50 mA, Turn-On and Turn-Off Time 
Base Currents = 5.0 mA. 


FIGURE 3 — DC CURRENT GAIN 
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FIGURE 5 — COLLECTOR SATURATION REGION 
— 1.0 





-0.05 -01 02 “05 “= 1.0 


Ip, BASE CURRENT (mA) 


—0.01 0.02 — 2.0 =50 0 






FIGURE 7 — CURRENT-GAIN—BANDWIDTH PRODUCT 
[ Ty = 25°C 
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0 


Fall Time< 1.0 ns 


V, VOLTAGE (VOLTS) 


FIGURE 2 
Vec=15V 


Vepp=-6.0V 





50V Vout 
0.1 uF 
Vin 
TO SAMPLING SCOPE. 
PULSE SOURCE  65Y ‘Input Z 2100 k 
Rise Time< 1.0 ns ‘Rise Time= 1.0 ns 
Pulse Width 2200 ns = — 


Zin = 50 Ohms 
NOTES: Collector Current = 10 mA, Turn-On and Turn-Off Time 
Base Currents = 0.5 mA. 


FIGURE 4 — “ON” VOLTAGES 
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FIGURE 6 — TEMPERATURE COEFFICIENTS 
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FIGURE 8 — CAPACITANCE 
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MAXIMUM RATINGS 


MPS3646* 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 





Collector-Emitter Voltage VCEO Vdc 


Collector-Emitter Voltage VCES 


Collector-Base Voltage VcBO | 40] de 


dc 
Collector Current — Continuous Ic 300 mAdc 
— 10 us Pulse 500 
Total Device Dissipation @ Ta = 25°C 625 mW 
Derate above 25°C 5.0 mWw/°C 
Pp 1.5 


Total Device Dissipation @ Tc = 25°C 














> 3 Collector 













fe) O. 1 “V 
Derate above 25°C 12 mW/°C 3 tf ene 
Operating and Storage Junction TJ, Tstg | —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS SWITCHING TRANSISTOR 






NPN SILICON 


*This is a Motorola 
designated preferred device. 


Refer to 2N4264 for graphs. 


Thermal Resistance, Junction to Ambient RgJA 
Thermal Resistance, Junction to Case R@JC 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po Characteristic | Symbot | Min | Max | Unit 
OFF CHARACTERISTICS 

| Collector-Emitter Breakdown Voltage (Ic = 100 Adc, Vee = 0) | pryces | 40 | = |e 
Collector-Emitter Sustaining Voltage(1) (Ic = 10 mAdc, Ig = 0) | Vceoisus) | 18 | OS] dc 

| Collector-Base Breakdown Voltage (Ic = 100uAdcIe=0) | Mprycpo | 40 | |e 


as Ta eM 
Collector Cutoff Current (VcE = 20 Vdc, VBE = 0) ICES Lo eee | 


(VcE = 20 Vdc, Vee = 0, Ta = 65°C) 
ON CHARACTERISTICS(1) 

DC Current Gain (l¢ = 30 mAdc, VcE = 0.4 Vdc) hee 
(I¢ = 100 mAdc, Vcge = 0.5 Vdc) 


(I¢ = 300 mA, VcE = 1.0 Vdc) 


Collector-Emitter Saturation Voltage (lc = 30 mAdc, Ip = 3.0 mAdc) VCE(sat) 
(I¢ = 100 mAdc, Ip = 10 mAdc) 
(Ii¢ = 300 mAdc, Ip = 30 mAdc) 
(I¢ = 30 mA, IB = 3.0 mA, Ta = 65°C) 


Base-Emitter Saturation Voltage (I¢ = 30 mAdc, Ip = 3.0 mAdc) 
(I¢ = 100 mAdc, IRB = 10 mAdc) 
(I¢ = 300 mAdc, Ip = 30 mA) 


Symbol 














SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(i¢ = 30 mAdc, VcgE = 10 Vde, f = 100 MHz) 


Output Capacitance 
(Vcp = 5.0 Vde, Ie = 0, f = 1.0 MHz) 


Input Capacitance 
(VeB = 0.5 Vde, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time 





(Vcc = 10 Vde, Ic = 300 mAdc, Ipy = 30 mAdc) 
(Figure 1) 


Fall Time (Figure 1) 


Storage Time 
(Vcc = 10 Vdc, Ic = 10 mAdc, Ipi = Ip2 = 10 mAdc) (Figure 2) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MPS3646 


FIGURE 1 — SWITCHING TIME TEST CIRCUIT 


-3.0 V +10 V_ 








To Sampling Scope 


+7.6V 
| | 0.1 
m9) Vj ) | 


t, <1.0 ns 
a Zjn = 100 k2 
ty, t¢ <1.0 ns 
Pulse Width = 240 ns 50 
Zin = 5022 


FIGURE 2 — CHARGE STORAGE TIME TEST CIRCUIT 


+11V +10 V 


10% Pulse 
Waveform at 
0.1 at! Point “A” 






To Sampling Scope 
tr $1.0 ns 
Zin = 100 kQ2Q 


Vin 
-10 V 56 
t; <1.0ns 
Pulse Width = 300 ns == — 
Duty Cycle = 2.0% © 
Zin = 502 
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MPS3866 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


Collector-Base Voltage VCBO | 5B | Vd 
Emitter-Base Voltage Yes 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


SS 3 Collector 


Total Device Dissipation @ Tc = 25°C 


Derate above 25°C 


1 Emitter 


AMPLIFIER TRANSISTOR 


NPN SILICON 


Characteristic 


Thermal Resistance, Junction to Ambient R@JA 
Thermal Resistance, Junction to Case ReJC 83.3 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol | Min | Max | Unit _ | 


OFF CHARACTERISTICS 












Coliector-Emitter Breakdown Voltage VCER(sus) Vdc 
(ic = 5.0 mAdc, Rpg = 10 2) 





















Collector-Emitter Sustaining Voltage VCEO(sus) 30 Vdc 
(I¢ = 5.0 mAdc, Ip = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 3.5 Vdc 
(l= = 100 pAdc, Ic = 0) 
Collector Cutoff Current ICEO mAdc 
(VcE = 28 Vdc, Ip = 0) 
Collector Cutoff Current ICEX mAdc 
(VcE = 30 Vde, Veg = —1.5 Vde (Rev.), Tc = 150°C) 
(Vce = 55 Vdc, Veg = —1.5 Vdc (Rev.) 
Emitter Cutoff Current mAdc 
(VER = 3.5 Vdc, Ic = 0) 
ON CHARACTERISTICS | 
DC Current Gain hFe 
(I¢ = 360 mAdc, Vcg = 5.0 Vdc)(1) _ 
(Ic = 50 mAdc, VcgE = 5.0 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) 1.0 
(i¢ = 100 mAdc, Ip = 20 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 
(lc = 50 mAdc, Vcg = 15 Vdc, f = 200 MHz) 
Output Capacitance 
(VCB = 28 Vdc, IE = 0, f = 1.0 MHz) 
FUNCTIONAL TEST 
Amplifier Power Gain 
(Vcc = 28 Vdc, Poyt = 1.0 W, f = 400 MHz) 


Collector Efficiency 
(Vcc = 28 Vdc, Poyt = 1.0 W, f = 400 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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C2, 


L3, 


C1: 
C5: 
C3: 
C4: 
C6: 
L1: 


L2: 


L4: 
Lb: 


R1: 


MPS3866 


FIGURE 1 — 400 MHz TEST CIRCUIT SCHEMATIC 


C5 L5 


RF 
RF Inputs ~ 


Inputs 







3.0 35 pF 
8.0 60 pF 
12 pF 
1000 pF 
0.9-7.0 pF 
Two turns #18 Wire, 
1/4” ID, 1/8” long 
FERRITE RF Choke, 
One Turn, z= 450 Ohms 

RF Choke, 0.1 wH 28 Vac 
2-3/4 Turns, #18 Wire, - 

1/4” ID, 3/16” long ie 

5.6 Ohms 
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MPS3904 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Power Dissipation @ Ta = 60°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Sy 3 Collector 


1 Emitter 





THERMAL CHARACTERISTICS 


Symbol | Max 
Thermal Resistance, Junction to Ambient RaJA | 200 
Thermal Resistance, Junction to Case ReJC | 833 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 











OFF CHARACTERISTICS 






Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vde 
(I¢ = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(i¢ = 10 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(le = 10 pAdc, Ic = 0) 

Collector Cutoff Current ICEX nAdc 
(VcE = 30 Vdc, VEB(off) = 3.0 Vdc) 

Base Cutoff Current IBL 
(VcE = 30 Vdc, VEB(off) = 3.0 Vde) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(I¢ = 0.1 mAdc, Veg = 1.0 Vdc) 
(ic = 1.0 mAdc, VcE = 1.0 Vdc) 
(I¢ = 10 mAdc, Veg = 1.0 Vdc) 
(Ic = 50 mAdc, Vcf£ = 1.0 Vdc) 
(I¢ = 100 mAdc, Veg = 1.0 Vdc) , 


















Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
(I¢ = 50 mAdc, Ig = 5.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(i¢ = 10 mAdc, Ip = 1.0 mAdc) 
(Ic = 50 mAdc, Ip = 5.0 mAdc) 
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MPS3904 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


"Characteristic | | Symbol | Min | Max | 





SMALL-SIGNAL CHARACTERISTICS 





Current-Gain — Bandwidth Product - 
(I¢ = 10 mAde, VcgE = 20 Vdc, f = 100 MHz) 


Output Capacitance 

(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 
Input Capacitance 

(VEB = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 
Input Impedance : 

(I¢ = 1.0 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) 
Voltage Feedback Ratio 

(I¢ = 1.0 mAdc, VcgE = 10 Vde, f = 1.0 kHz) 
Small-Signal Current Gain 

(I¢ = 1.0 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) 


Output Admittance 
(Ic = 1.0 mAdc, Vcge = 10 Vdc, f = 1.0 kHz) 





Noise Figure 
(Ic = 100 wAdc, VcgE = 5.0 Vde, Rg = 1.0 kO, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 


(Vcc = 3.0 Vde, ec —0.5 Vdc, | 
Ic = 10 mAdc, Igp1 = 1.0 mAdc) aa es) 
mes eas 

ES Le nee 


(Vcc = 3.0 Vde, Ic = 10 mAdc, 
Fall Time | Igy = Ip2 = 1.0 mAdc) . 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 





EQUIVALENT SWITCHING TIME TEST CIRCUITS 





FIGURE 1 — TURN-ON TIME . FIGURE 2 — TURN-OFF TIME 
Duty Cycle = “Th Vv Duty Cycle = 2% —— +10.9 V OV oe 
-0.5 V J E ’ a) | 
: 1 Cy < 4.0 pF* 
<1.0 ns 7Ts 1N916 eas 
= = wee fas - 1 
: aes - <1.0ns . Loot 


*Total shunt capacitance of test jig and connectors 
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Rs, SOURCE RESISTANCE (OH 


MPS3904 


TYPICAL NOISE CHARACTERISTICS 
(VcE = 5.0 Vdc, Ta = 25°C) 


FIGURE 3 — NOISE VOLTAGE FIGURE 4 — NOISE CURRENT 
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NOISE FIGURE CONTOURS 
(VcE = 5.0 Vdc, Ta = 25°C) 























FIGURE 5 — NARROW BAND, 100 Hz FIGURE 6 — NARROW BAND, 1.0 kHz 
500 k es 
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MPS3904 


TYPICAL STATIC CHARACTERISTICS 


FIGURE 8 — DC CURRENT GAIN 
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FIGURE 9 — COLLECTOR SATURATION REGION 
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FIGURE 11 — “ON” VOLTAGES 
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FIGURE 10 — COLLECTOR CHARACTERISTICS 
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FIGURE 12 — TEMPERATURE COEFFICIENTS 
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MPS3904 


TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 13 — TURN-ON TIME 
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FIGURE 15 — CURRENT-GAIN — BANDWIDTH PRODUCT 
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FIGURE 17 — INPUT IMPEDANCE 
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FIGURE 14 — TURN-OFF TIME 
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FIGURE 16 — CAPACITANCE 
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MPS3904 


_ FIGURE 19 — THERMAL RESPONSE 
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For more information, see AN-569. 
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MPS3906 


MAXIMUM RATINGS 


; 


Total Device Dissipation @ Ta = 25°C 625 mW 
Derate above 25°C mW/°C 






















Value 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


ISS 3 Collector 
VA 


; = 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C mWw/°C 


5.0 
1.5 
12 
Operating and Storage Junction Ty. Tstg —55 to +150 *¢ 
Temperature Range 


THERMAL CHARACTERISTICS GENERAL PURPOSE 


[Characteristic «Symbol | Max ‘| TRANSISTOR 
Thermal Resistance, Junction to Ambient C/W PNP SILICON 
Thermal Resistance, Junction to Case °C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol_| Min | Max | Unit 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(Ic = ~—1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(lc = —10 wAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = —10 Adc, Ic = 0) 

Collector Cutoff Current ICEX 
(VcE = —30 Vdc, VeB(off) = —3.0 Vdc) 

Base Cutoff Current 
(VcE = —30 Vdc, VeB(oft) = —3.0 Vdc) 


ON CHARACTERISTICS(1) 


IBL 
DC Current Gain hFE 
(I¢ = —0.1 mAdc, VcE = —1.0 Vdc) 
(l¢ = —1.0 mAdc, Vee = —1.0 Vdc) 
(I¢ = —10 mAdc, VcE = —1.0 Vdc) 
(I¢ = —50 mAdc, VcgE = —1.0 Vdc) 
(i¢ = —100 mAdc, Vcfe = — 1.0 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = -—10 mAdc, Ip = —1.0 mAdc) 
(I¢ = —50 mAdc, IB = —5.0 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) 
(ic = —10 mAdc, Ip = —1.0 mAdc) 
(lc = —50 mAdc, Ip = —5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = —10 mAdc, Vce = —20V, f = 100 MHz) 





1 Emitter 








Refer to 2N5086 for graphs. 
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MPS3906 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Output Capacitance Cobo 
(VcBp = —5.0 Vde, Ie = 0, f = 1.0 MHz) 


Input Capacitance : 

(VER = —0.5 Vdc, Ic = 
Input Impedance 
(I¢ = —1.0 mAdc, VcE 
Voltage Feedback Ratio 

(Ic = —1.0 mAdc, VcE 
Small-Signal Current Gain 
(I¢ = —1.0 mAdc, VcE = 
















0, f = 1.0 MHz) 












— 10 Vdc, 





= 1.0 kHz) 






— 10 Vdc, f = 1.0 kHz) | 

















— 10 Vdc, f = 1.0 kHz) 










Output Admittance 
(Ic = —1.0 mAdc, VcE 


Noise Figure 
(Ic = —100 pAdc, VcE 


Delay Time (Vcc = —3.0 Vdc, VBE(oft) = +0.5 Vdc, 


—10 Vdc, f = 1.0 kHz) 










—5.0 Vdc, Rs = 1.0 k ohm, f = 1.0 kHz) 





c = ~3.0 Vde, Ic = — 10 mAde, 
Fall Time = Ip2 = —1.0 mAdc) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MPS4123 
MPS4124 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


| Rating | Symbot [Mp sa1z3 
[CollectorBase Voltage ——~—~=~S*«di'SVca “| 4090 —*| (Vd 
VEB 
Cc 











Collector Current — Continuous 200 mAdc 


Total Power Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Power Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Symbol 
Thermal Resistance, Junction to Ambient ReJjA 200 C/W 
Thermal Resistance, Junction to Case R@JC 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


INS 


3 Collector 










1 Emitter 













AMPLIFIER TRANSISTORS 
NPN SILICON 










Symbol_| Min | Max | Unit __| 


OFF CHARACTERISTICS 








Collector-Emitter Breakdown Voltage MPS4123 V(BR)CEO 30 Vdc 
(lc = 1.0 mA, Ip = 0) MPS4124 25 
Collector-Base Breakdown Voltage MPS4123 V(BR)CBO Vdc 
(Ic = 10 pA, IE = 0) MPS4124 . 
Emitter-Base Breakdown Voltage (Ic = 0, IE = 10 uA) V(BR)EBO | oo | de 


Collector Cutoff Current (Vcg = 20 V, Ip = 0) ICBO | = | 50 | inva | 
Emitter Cutoff Current (Veg = 3.0 V, Ic = 0) | tego | OU 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 2.0 mA, VcE = 1.0 V) MPS4123 
MPS4124 
(I¢ = 50 mA, VcgE = 1.0 V) MPS4123 
MPS4124 


FE 
Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 50 mA, Ig = 5.0 mA) 
Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 50 mA, Ip = 5.0 mA) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product MPS4123 
(IC = 10 mA, VcE = 20 V, f = 100 MHz) MPS4124 


Output Capacitance La | 
| 











50 





(VcB = 5.0 V, Ie = 0, f = 1.0 MHz) 
Input Capacitance MPS4123 


(Veg = 0.5V, Ic = 0, f = 1.0 MHz) MPS4124 


Smail-Signal Current Gain MPS4123 
(I¢ = 2.0 mA, VcE = 1.0 V, f = 1.0 kHz) MPS4124 


Noise Figure 
(Ic = 100 wA, VcE = 5.0 V, Rg = 1.0 kQ, MPS4123 
f = 1.0 kHz) MPS4124 








MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


2-277 





Oo | , MPS4125 
MAXIMUM RATINGS MPS4126 


[Rating ‘(Symbol [psetas [seize] Unit | 
[GolecorEmiterVotage ———SS*dCge =| 80 | 28 | Vee | 
vee |= 10 

de 














CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


Collector-Base Voltage 
Emitter-Base Voltage [Ven |  -40 
Collector Current — Continuous | tc | -200 | mAdc 


Total Power Dissipation @ Ta = 25°C 625 mW 
Derate above 25°C 5.0 mWw/ 

Total Power Dissipation @ Tc = 25°C 1.5 WwW 
Derate above 25°C 12 mWw/ 

Operating and Storage Junction Ty, Tstg —55 to +150 
Temperature Range 

THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Ambient RgJA 
Thermal Resistance, Junction to Case R@Jc 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbot | min | Max | Unit 


OFF CHARACTERISTICS . 
Collector-Emitter Breakdown Voltage MPS4125 V(BR)CEO 
(I¢ = —1.0 mA, Ip = 0) MPS4126 
Collector-Base Breakdown Voltage MPS4125 V(BR)CBO 
(I¢ = —10 pA, IE = 0) MPS4126 
‘Emitter-Base Breakdown Voltage (Ic = 0, le = —10 pA) V(BR)EBO 
| Collector Cutoff Current (Vcg = —20V, IE = 0) | icBo | 


Emitter Cutoff Current (Veg = —3.0 V, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain | 
(lc = -2.0mA,VcEe = —1.0 V) | MPS4125 
MPS4126 
(ic = -50 mA, VcE = -1.0V) MPS4125 
. MPS4126 


Collector-Emitter Saturation Voltage NCE(sat) 
(ic = —50 mA, Ig = —5.0 mA) | 

Base-Emitter Saturation Voltage . VBE(sat) 
(IC = —50 mA, Ip = —5.0 mA) 


SMALL-SIGNAL CHARACTERISTICS 


Current Gain — Bandwidth Product . MPS4125 
(I¢ = —10 mA, VceE = —20 V, f = 100 MHz) MPS4126 


Output Capacitance 
(VcB = —5.0 V, IE = 0, f = 1.0 MHz) 


Input Capacitance MPS4125 


SJ 


3 Collector 


oO 






oO 





1 Emitter. 






AMPLIFIER TRANSISTORS 
PNP SILICON 

















(VeR = —0.5V, Ic = 0, f = 1.0 MHz) MPS4126 


Small-Signal Current Gain MPS4125 
(i¢ = —2.0 mA, VcE = —1.0 V, f = 1.0 kHz) MPS4126 


Noise Figure 
(Ic = —100 pA, VcE = —5.0 V, Rg = 1.0 kQ, MPS4125 
f = 1.0 kHz) MPS4126 
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MAXIMUM RATINGS M PS4249 
MPS4250 


Collector-Emitter Voltage 


Collector-Emitter Voltage 


Collector-Base Voltage 


CASE 29-04, STYLE 1 


TO-92 (TO-226AA 

Total Device Dissipation @ Ta = 25°C 0-92 [ 
Derate above 25°C 

3 Collector 


Total Device Dissipation @ Tc — 25°C 
Derate above 25°C 


1 Emitter 


TRANSISTORS 





PNP SILICON 





OFF CHARACTERISTICS 




















































Collector-Emitter Breakdown Voltage 
Vde 
(Ic = —5.0) MPS4250 —40 
— 60 
(lc = —10 pA) MPS4250 
(VcB = —40V) MPS4249 
Emitter Cutoff Current — 20 
(Veg = —3.0 V) 
Collector-Emitter Saturation Voltage(1) VCE(sat) —0.25 Vdc 
(IC = —10 mA, Ip = —0.5 mA) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
(Ic = ~—10 pA) MPS4249 
(Ic = —5.0 mA) MPS4250 
(Ic = —5.0) MPS4249 
V(BR)CBO Vde 
— 40 
(Ic = —10 pA) MPS4249 — 60 
Emitter-Base Breakdown Voltage V(BR)EBO V 
(l—E = —10 pA) 
(VcB = —50V) MPS4250 
ON CHARACTERISTICS 
Base-Emitter Saturation Voltage(1) VBE(sat) Vdc 
(Ic = —10 mA, Ip = —0.5 mA) 
SMALL-SIGNAL CHARACTERISTICS 


Characteristic Symbol | Min | Max | Unit 
Collector-Emitter Sustaining Voltage(1) 
Collector-Base Breakdown Voltage 
dc 
Collector Cutoff Current ICBO nA 
(VcB = —40V, Ta = 65°C) MPS4249, MPS4250 
nA 
DC Current Gain 
(Ic = —100 vA, Vce = —5.0 V) MPS4249 
(IC = —1.0 mA, VcE = —5.0 V) MPS4249 
(ic = —1.0 mA, Vce = —5.0 V) MPS4250 
(IC = —10 mA, Vce = —5.0 V) MPS4249 
(Ic = —10 mA, Vcfe = —5.0 V) MPS4250 
Output Capacitance Cobo pF 
(VcB = —5.0 V, f = 1.0 MHz) 
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MPS4249, MPS4250 | 


ELECTRICAL CHARACTERISTICS onus (Ta = 25°C unless otherwise noted.) 


Input Capacitance 
(VERB = —0.5 V, f = 1.0 MHz) 


Small-Signal Current Gain 
(I¢ = —1.0 mA, Veg = —5.0 V, f = 1.0 kHz) MPS4249 
(Ic = —1.0 mA, VcE = —5.0 V, f = 1.0 kHz) MPS4250,A 
(Ic = —0.5 mA, VcgE = —5.0 V, f = 20 MHz) MPS4249,50 


Noise Figure 
(Ic = —20 vA, VceE = —5.0 V, Rg = 10 kO, 
f = 1.0 kHz, Pay = 150 Hz) | - MPS4250,A 
(ic = —20 pA, VcE = —5.0 V, Rg = 1.0 kO; 
f = 1.0 kHz, Paw = 150 Hz) . MPS4249 
(ic = —250 nA, Vc = —5.0 V, Rg = 1.0 ko, 
f = 1.0 kHz, Pay = 150 Hz) | MPS4250,A 
(Ic = —250 vA, VcE = —5.0 V, Rg = 1.0 kO, 
f = 1.0 kHz, Paw = 150 Hz) MPS4249 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%. 
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MPS4258 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 
Rating 
Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 


SS 3 Collector 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
1 Emitter 


SWITCHING TRANSISTOR 


PNP SILICON 


Characteristic 
Thermal Resistance, Junction to Ambient 





Refer to MPS3640 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


J haracteristic | Symbot | Min | Max | Unit 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CES 
(ic = —100 pAdc, Vee = 0) 

Collector-Emitter Sustaining Voltage(1) VCEO(sus) 
(ic = —3.0 mAde, Ig = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(i¢ = —100 Adc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(le = —100 wAdc, Ic = 0) 
Collector Cutoff Current 
— 6.0 Vdc, VggE = 0) 
—6.0 Vde, Vee = 0, Ta = +65°C) 










ON CHARACTERISTICS 


DC Current Gain 
(I¢ = —1.0 mAdc, Vcg = —0.5 Vde) 
(I¢ = —10 mAdc, VcgE = —3.0 Vdc) 
(i¢ = —50 mAdc, VcfE = —1.0 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = —10 mAdc, Ig = —1.0 mAdc) 
(i¢ = —50 mAdc, Ip = —5.0 mAdc) 
Base-Emitter On Voltage VBE(sat) 
(I¢ = —10 mAdc, Ig = —1.0 mAdc) — 0.75 
(i¢ = -—50 mAdc, Ip = —5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current Gain — Bandwidth Product(2) 
(Ic = —10 mAdc, Vce = —10 Vde, f = 100 MHz) 


Input Capacitance 


(VER = —0.5 Vdc, Ic = 0, f = 1.0 MHz) 


Collector-Base Capacitance 
(VcB = —5.0 Vdc, Ie = 0, f = 1.0 MHz) 
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MPS4258 





ELECTRICAL:CHARACTERISTIC 


S (continued) (Ta = 25°C unless otherwise noted.) 
Characteristic | 





_ SWITCHING CHARACTERISTICS 


(Vee = -1.5 Vde, 
Delay Time VEB(off) =, 
Turn-Off Time (Vcc = -1.5 Vde, 


Fall Time IB1 = Ip2 = —1.0 mAdc) 


Storage Time 
(I¢ ~ —10 mAdc, Igy ~ —10 mAdc, Ip2 ~ 10 mAdc) 


(1) Pulse Test: Pulse Width < 300 ws, Duty Cycle < 2.0%. 
(2) ff is defined as the frequency at which |h¢g| extrapolates to unity. 





FIGURE 1 — SWITCHING TIME TEST CIRCUIT 





Vout 
0.1 uF Zin > th kQ 
tr<1. 
Vin a sie 
Zin = 50 Q 
tr<1.0 ns 50 22 
tw = 240 ns . 





MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


2-282 


MPS5179* 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


“ad ae 
[® 


MAXIMUM RATINGS 
[Rating ———SS«|'SSymbol | Vaue | Unit 
Collector-Emitter Voltage | Vceo | 12. «| Vdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 






1 Emitter 











HIGH FREQUENCY TRANSISTOR 


NPN SILICON 


*This is a Motorola 
designated preferred device. 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 





ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


po Characteristic | Symbot | in| Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage VCEO(sus) 
(I¢ = 3.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(I¢ = 0.001 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 0.01 mAdc, Ic = 0) 

Collector Cutoff Current ICBO 
(VcB = 15 Vdc, IE = 0) 
(VcB = 15 Vdc, Ie = 0, Ta = 150°C) 








ON CHARACTERISTICS 


DC Current Gain hFE 25 
(I¢ = 3.0 mAdc, VcgE = 1.0 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 10 mAdc, IR = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(l¢ = 5.0 mAdc, VcgE = 6.0 Vdc, f = 100 MHz) 





Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 0.1 to 1.0 MHz) 


Small Signal Current Gain 
(I¢ = 2.0 mAdc, VcgE = 6.0 Vdc, f = 1.0 kHz) 


Collector Base Time Constant 
(l—E = 2.0 mAdc, Vcp = 6.0 Vdc, f = 31.9 MHz) 


Noise Figure (See Figure 1) 
(Ic = 1.5 mAdc, Vcg = 6.0 Vde, Rs = 50 ohms, f = 200 MHz) 


Common-Emitter Amplifier Power Gain (See Figure 1) 
(VcE = 6.0 Vde, Ic = 5.0 mAdc, f = 200 MHz) 


(1) fr is defined as the frequency at which |hfg| extrapolates to unity. 
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MPS5179 


FIGURE 1 — 200 MHz AMPLIFIER POWER GAIN 
AND NOISE FIGURE CIRCUIT 


TYPE 
~1N3195 
TYPE iia. 
1N3195 = a 
oc O-O 1 13 - ag - 1 T0502 
COMMON “"¢7 ~~ LOAD 
= [i 10-505. | . ain 
FROM 502 ~ os 4 | [EXTERNAL Ned 
SOURCE 0.02 pF ul Se SHIELO gest 
Oy at £%% 
Cin C2 » Ol uF = = 
= 3.0 - 35 2.0 - 10 
. i = | RFC 
10 k { 0.001 uF 1.0 uH 
-VEE O~-O DO *Vec 
Te Se 


L1 1-3/4 Turns, #18 AWG, 0.5” L, 0.5” Diameter 
L2 2 Turns, #16 AWG, 0.5” L, 0.5’ Diameter 
L3 2 Turns, #13 AWG, 0.25” L, 0.5” Diameter (Position 1/4” from L2) 
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MPS5771 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


QS 3 Collector 





1 Emitter 





SWITCHING TRANSISTOR 


PNP SILICON 


THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max | Unit __| 
Thermal Resistance, Junction to Ambient Raja z 
Thermal Resistance, Junction to Case Rg@Jc 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage (Ic = —3.0 mA)(1) V(BR)CEO 


Collector Cutoff Current (VcE = —8.0 Vdc) ICES 
(VcE = —8.0 Vdc, Ta = 125°C) 


Emitter Cutoff Current (Veg = —4.5 Vdc) | leBo | 


ON CHARACTERISTICS 


DC Current (Ic = —1.0 mA, Vcf = —0.5 Vde){1) hee 
(i¢ = —10 mA, Vce = —1.0 Vdc)(1) 
(Ic = —50 mA, Vcg = —1.0 Vdc)(1) 
(Ic = —10 mA, VcgE = —1.0 Vdc, Ta = —55°C) 
Collector-Emitter Saturation Voltage(1) VCE(sat) 
(ic = —1.0 mA, Ip = —0.1 mA) 
(I¢ = —10 mA, Ip = —1.0 mA) 
(Ic = —50 mA, Ip = —5.0 mA) 
Base-Emitter Saturation Voltage(1) (Ic = —1.0 mA, lp = —0.1 mA) VBE(sat) 
(l¢ = —10 mA, Ip = —1.0 mA) 
(Ic = —50 mA, Ip = —5.0 mA) 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(VcB = —5.0 Vdc, f = 140 kHz, f = 1.0 MHz) 


Emitter-Base Capacitance 
(VER = —0.5 Vdc, f = 140 kHz, f = 1.0 MHz) 


Small-Signal Current Gain 
(Ic = —10 mA, VcE = —10 Vdc, f = 100 MHz) 


SWITCHING CHARACTERISTICS 
Turn-On Time 





(Vcc = —1.5 Vde, Ic = —10 mAdc, 
IB = —1.0 mA) 


—1.5V, Ic = —10 mA, 
= IB2 = —1.0 mA) 


Storage Time (Vcc = —1.5V, Ic = —10 mA, 
IB1 ~ IB2 ~ —10 mA) 
(1) Pulse Conditions: Pulse Length = 300 ys, Duty Cycle = 1.0%. 
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MPS6428 


MAXIMUM RATINGS 


Gotecermiter Votage Sid ceo | so 
coletorBese Voltage ——~—S*dt cn | a 
EmitterSase Vote ——~S*dtCT ep | 
es ae 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
Operating and Storage Junction Ty, Tstg —55 to +150 
Temperature Range 


THERMAL CHARACTERISTICS AMPLIFIER TRANSISTOR 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(I¢ = 1.0 mAdc, Ip = 0) | 

Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 0.1 mAdc, IE = 0) 


Collector Cutoff Current 
(VcE = 30 Vdc) 


Collector Cutoff Current ICBO 
(VcB = 30 Vdc, Ig = 0) 
Emitter Cutoff Current 
(VeEB = 5.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(VcE = 5.0 Vdc, I¢ = 0.01 mAdc) 
(VCE = 5.0 Vde, Ic = 0.1 mAdc) 
(VcE = 5.0 Vdc, Ic = 1.0 mAdc) 
(VcE = 5.0 Vdc, Ic = 10 mAdc) 













CASE 29-04, STYLE 1 
TO-92 (TO-226AA) | 


Vv 
V 
V 


SS 3 Collector 







1 Emitter 





NPN SILICON 








Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 10 mAdc, Ip = 0.5 mAdc) 
(i¢ = 100 mAdc, Ip = 5.0 mAdc) 


Base-Emitter On Voltage 
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 















Current-Gain — Bandwidth Product 
(I¢ = 1.0 mAdc, VcE = 5.0 V, f = 100 MHz) 


Output Capacitance Cobo pF 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 
Input Capacitance Cibo 
(VER = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 








Input Impedance 
(I¢ = 1.0 mAdc, VcFE = 5.0 Vde, f = 1.0 kHz) 


Voltage Feedback Ratio xX 10-4 
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 






(Ic = 1.0 mAdc, VcgE = 5.0 Vdc, f = 1.0 kHz) 


Output Admittance 5.0 wmhos 
(Ic = 1.0 mAdc, VcgE = 5.0 Vdc, f = 1.0 kHz) 


NOISE FIGURE/TOTAL NOISE VOLTAGE CHARACTERISTICS 


his ( i a ms pate ae 





Noise Figure/Voltage 7.0 5700} 3.5 | 4.3 
(VcE = 5.0 V, Ic = 0.1 mA, Ta = 25°C) 


(1) Rg = 10 kQ, BW = 1.0 Hz, f = 100 Hz 


(2) Rs 
(3) Rs 


50 kQ, BW = 15.7 kHz, f = 10 Hz—10 kHz 
500 0, BW = 1.0 Hz, f = 10 Hz 


lil 
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MPS6507. 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS | 7 | 
Rating YC 
[| Collector-Base Voltage =| Vcpo | 80 |S 
| | 
~ 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic | Symbol | 
Thermal Resistance, Junction to Ambient ReJjA(1) 
Thermal Resistance, Junction to Case ReJc 


(1) RajA is measured with the device soldered into a typical printed circuit board. 










3 Collector 










1 Emitter 






AMPLIFIER TRANSISTOR 


NPN SILICON 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[| Characteristic | Symbot_ | min | typ | Max | Unit _| 


OFF CHARACTERISTICS 




















Collector-Emitter Breakdown Voltage(2) V(BR)CEO 20 Vdc 
(I¢ = 1.0 mAdc, Ig = 0) | 

Collector-Base Breakdown Voltage V(BR)CBO 30 Vdc 
(I¢ = 100 wAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(ig = 100 pAde, Ic = 0) 

Collector Cutoff Current ICBO 
(Vcp = 15 Vdc, Ie = 0) 50 nAdc 
(Vcp = 15 Vdc, le = 0, Ta = 60°C) 1.0 Adc 

ON CHARACTERISTICS 

DC Current Gain(2) hrE 25 75 
(I¢ = 2.0 mAdc, VcgE = 10 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 

Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, VcgE = 10 Vde, f = 100 MHz) 

Output Capacitance 


(VcB = 10 Vdc, Ig = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(I¢ = 2.0 mAdc, Vcge = 10 Vdc, f = 20 MHz) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 


| Rating | Symbot | NPN | PNP | Unit _| 


Collector-Emitter Voltage VCEO Vdc 
MPS6520, MPS6521 

MPS6523 

VcBO 
MPS6520, MPS6521 
MPS6523 
Emitter-Base Voltage oe ar ee 

Collector Current — Continuous ae eee 


Total Device Dissipation @ Ta = 25°C mw 
Derate above 25°C mW/°C 
Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C mw/°C 
Operating and Storage Junction TJ. Tstg —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max | Unit 
Thermal Resistance, Junction to Ambient R@JA °C/W 
(Printed Circuit Board Mounting) 


Thermal Resistance, Junction to Case | Rac | 833) | cw O*T . 










NPN 3 Collector 
MPS6520 2 


Base 


MPS6521* 















Collector-Base Voltage 
1 Emitter 





3 Collector 


pup!) 





MPS6523 “ 


1 Emitter 


CASE 29-04, STYLE 1 Sy 
TO-92 (TO-226AA) 









AMPLIFIER 


TRANSISTORS ‘2 


This is a Motorola 
designated preferred device. 


Refer to MPS3904 for NPN graphs. 
Refer to 2N5086 for PNP graphs. 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| Min | Max | Unit __| 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(IC = 0.5 mAdc, Ig = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(l—E = 10 wAdc, Ic = 0) 


Collector Cutoff Current ICBO pAdc 
(VcB = 30 Vdc, IE = 0) MPS6520,MPS6521 0.05 | 
(VcB = 20 Vdc, IE = 0) MPS67523 0.05 | 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 100 Adc, VcgE = 10 Vdc) MPS6520 
MPS6521 





(Ic = 2.0 mAdc, VcE = 10 Vdc) MPS6520 
MPS6521 


100 wAdc, Vce = 10 Vdc) MPS6523 
2.0 mAdc, Vcg = 10 Vdc) MPS6523 300 600 
Collector-Emitter Saturation Voltage . VCE(sat) Vde 
(Ic = 50 mAdc, Ip = 5.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 





Noise Figure 
(I¢ = 10 wAdc, VcE = 5.0 Vde, Rg = 10 k ohms, 
Power Bandwidth = 15.7 kHz, 3.0 dB points @ 10 Hz and 10 kHz) 





*Refer to 2N5086 for PNP graphs. 
(1) Voltage and Current are negative for PNP Transistors. 
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_MPS6530 
MPS6531 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Collector-Emitter Voltage atk 





SY 3 Collector. 
Collector-Base Voltage VcBO ollector 


Emitter-Base Voltage 


Collector Current — Continuous | ig | 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Junction Temperature 


THERMAL CHARACTERISTICS a | _ AMPLIFIER TRANSISTORS 


[Characteristic | Symbol _| NPN SILICON 
Thermal Resistance, Junction to Ambient 





1 Emitter 










. Refer to 2N4400 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


p Characteristic | Symbot | Min | Max | Unit | 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage ~ V(BR)CEO — Vde 
(I¢ = 10 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(i¢ = 10 wAde, IE = 0) 
Emitter-Base Breakdown Voltage | V(BR)EBO Vdc 
(Ig = 10 wAdc, Ic = 0) 
“ p= [te [™. 
ON CHARACTERISTICS 
DC Current Gain . 


Collector Cutoff Current 
(lc = 10 mAdc, VcgE = 1.0 Vde) MPS6530 30 























(VcB = 40 Vdc, Ie = 0, Ta = 60°C) 





(VcB = 40 Vdc, Ig = 0) 
MPS6531 60 


(ic = 100 mAdc, Veg = 1.0 Vde) | 7 MPS6530 40 
MPS6531 90 


(ic = 500 mAdc, VcE = 10 Vdc) MPS6530 
MPS6531 


| 25 
50 —_ 
Collector-Emitter Saturation Voltage . VCE(sat) Vdc 
(Ic = 100 mAdc, Ig = 10 mAdc) ; MPS6530 
MPS6531 
Base-Emitter Saturation Voltage VBE(sat) — Vde 
(I¢ = 100 mAdc, Ip = 10 mAdc) 


| SMALL-SIGNAL CHARACTERISTICS 
Output Capacitance 





(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 
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MPS6534 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 
Rating 


SY 


3 Collector 


1 Emitter 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 





THERMAL CHARACTERISTICS AMPLIFIER TRANSISTOR 


| Characteristic | Symbol | Max | PNP SILICON 
Thermal Resistance, Junction to Ambient RaJA ae 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po Characteristic | Symbot | Min | Max | Unit | 


OFF CHARACTERISTICS _ 

Collector-Emitter Breakdown Voltage V(BR)CEO _ Vde 
(Ic = 10 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 10 wAde, Ie = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IRB = 10 wAde, Ic = 0) 

(Ip = 10 wAdc, Ic = 0) 
(Ic = —100 mAdc, Vcg = —1.0 Vdc) 


Collector Cutoff Current 
(VcB = 30 Vdc, IE = 0) 
(VcB = 30 Vdc, IE = 0, Ta = 60°C) 
ON CHARACTERISTICS 
DC Current Gain hFE 
60 —_ 
90 270 
(I¢ = —500 mAdc, Vce = —10 Vdc) 50 — 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = —100 mAdc, Ig = —10 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) Vdc 
(Ic = —100 mAdc, Ig = — 10 mAdc) 
SMALL-SIGNAL CHARACTERISTICS | 
Output Capacitance 





Refer to 2N4402 for graphs. 






















(Ic = -—10 mAdc, VcgE = —1.0 Vde) 















(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 
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3 Collector 


MAXIMUM RATINGS | NPN 2 


MPS6560 _ 


1 Emitter 


Collector-Base Voltage ra: 
Emitter-Base Voitage 
Collector Current — Continuous | 


3 Collector 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C a 
Total Device Dissipation @ Tc = 25°C 

Derate above 25°C 


1 Emitter 


MPS6562 ~~” 





CASE 29-04, STYLE 1 _ 
TO-92 (TO-226AA) 





THERMAL CHARACTERISTICS 
| Characteristic | Symbol _| 
) 
| 


~ (1) Raja is measured with the device soldered into a typical printed circuit board. 














ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 








OFF CHARACTERISTICS 











Collector-Emitter Breakdown Voltage(1) 


V(BR)CEO 25 Vde 
(Ice = 10 mAdc, Ip = 0) 4 | | | 
Collector-Base Breakdown Voltage | V(BR)CBO Vdc 
(Ic = 100 wAde, lp = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc — 
(IE = 100 wAde, Ic = 0) 
Collector Cutoff Current ICEO 100 nAdc . 
| (VCE = 25 Vde, Ip = 0) — 
Collector Cutoff Current | . ICBO _— nAdc 
(VcB = 20 Vdc, Ig = 0) — 
Emitter Cutoff Current | nAdc 
(VEB(off) = 4.0 Vde, Ic = 0) 
ON CHARACTERISTICS(1) 


'}| DC Current Gain 

(i¢-= 10 mAdc, Vcg = 1.0 Vde) 
(i¢ = 100 mAdc, VcE = 1.0 Vdc) 
(Ic = 500 mAdc, VcE = 1.0 Vdg) 


Collector-Emitter Saturation Voltage . VCE(sat) 
(Ic = 500 mAdc, Ip = 50 mAdc) 


Base-Emitter On Voltage | | VBE(on) 
(Ic = 500 mAdc, VcgE = 1.0 Vdc) 
SMALL-SIGNAL CHARACTERISTICS | 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 10 Vdc, f = 20 MHz) 





























Vdc 
Vdc 


Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 





(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) Voltage and Current are negative for PNP Transistors. 
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MAXIMUM RATINGS MPS6568A 


CASE 29-04, STYLE 2 
TO-92 (TO-226AA) 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


SJ 3 Collector 


2 Emitter 





THERMAL CHARACTERISTICS 









VHF TRANSISTOR 
NPN SILICON 


Characteristic | Symbol | Max | 
Thermal Resistance, Junction to Ambient R@JA 
Thermal Resistance, Junction to Case(1) ReJc f 125 i 


(1) Raja is measured with the device soldered into a typical printed circuit board. 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol | Min | Max | Unit _ | 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(Ic = 1.0 mAdgc, Ig = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 nAde, Ig = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 wAdc, Ic = 0) 

Collector Cutoff Current 
(VcB = 10 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 4.0 mAdc, VcgE = 5.0 Vdc) 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ig = 5.0 mAdc) 


Base-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ig = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 4.0 mAdc, Vcge = 10 Vde, f = 100 MHz) 











Collector-Base Capacitance 
(VcB = 10 Vdc, le = 0, f = 1.0 MHz, emitter guarded) 


Noise Figure 
(VAGC = 1.4 Vde, Rg = 50 ohms, f = 200 MHz) 


FUNCTIONAL TEST 


Amplifier Power Gain aa 





(VAGC = 1.4 Vdc, Rg = 50 ohms, f = 200 MHz) 
Forward AGC Voltage 


(Gain Reduction = 30 dB, Rg = 50 ohms, f = 200 MHz) 
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MPS6568A 


AGC CHARACTERISTICS 
Vec = 12 Vdc, Rs = 50 OHMS, SEE FIGURES 9 AND 10 
























—s a. oe mmm f= 45 MHZ mm f= 
FIGURE 1 — POWER GAIN : fMe FIGURE 2 — NOISE FIGURE 
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12 
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T, = FERRITE CORE INDIANA GEN. CORP. F-684 
Tz = 6 TURNS #16 BUSS WIRE, ID = 4", L = %4”. 
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0.002 pF 





T, = TOROID 4:1 RATIO 
8T-PRI 2T-SEC 


\ #22 WIRE 
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MAXIMUM RATINGS M PS65 7 1 
Veco 


Collector-Emitter Voltage 
Collector-Base Voltage VcBOo Vdc 
Emitter-Base Voltage a 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C a 


Derate above 25°C 


| Total Device Dissipation @ Tc = 25°C 1.5 
Derate above 25°C 12 


Operating and Storage Junction TJ. Tstg —55 to +150 
Temperature Range 
THERMAL CHARACTERISTICS 


| Characteristic =| Symbol | = Max | Unit __ 
Thermal Resistance, Junction to Ambient | Raa | 200 =| sow |: 
Thermal Resistance, Junction to Case | Rac | 833° | °cw 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[SSSSCvacteres «| Symbt | in | te | e | ne 


OFF CHARACTERISTICS 
| Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(I¢ = 1.0 mAdc, IR = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 100 pAdc, IE = 0) 
Collector Cutoff Current ICBO nAdc 
(VcB = 20 Vdc, IE = 0) 


Emitter Cutoff Current 


(VEB(off) = 3.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain hFE 
(I¢ = 100 wAde, VcE = 5.0 Vdc) 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(I¢ = 10 mAdc, Ip = 1.0 mAdc) 
Vdc 


Base-Emitter On Voltage 
| (I¢ = 10 mAdc, VcE = 5.0 Vdc) 
-SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 500 pAdc, VcE = 5.0 Vdc, f = 20 MHz) 


Output Capacitance 





CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 







NY 






3 Collector 













2 < 
3 1 Emitter 


AMPLIFIER TRANSISTOR 


NPN SILICON 







Refer to MPSA18 for graphs. 








(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 


Noise Figure 
(I¢ = 100 pAdc, VcE = 5.0 Vdc, Rg = 10 kohms, f = 100 Hz) 
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MPS6595* 


CASE 29-04, STYLE 1. 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 












Rating | Symbol | Value | Unit _| 
Collector-Emitter Voltage | Vde | | 
Emitter-Base Voltage | Vde Bs cottector 


Collector Current — Continuous -£ mAdc 


Vde 
Vde 
Total Device Dissipation @ Ta = 25°C mW 
Derate above 25°C = mWw/°C 
°C 
°C 














1 Emitter 










—~ 60 
Total Device Dissipation @ Tc = 25°C 1.0 | Watt 
Derate above 25°C | 8 mW/C 
Operating and Storage Junction _ TJ. Tstg —55 to + 150 | | 
Temperature Range 


THERMAL CHARACTERISTICS | 
| Characteristic =| Symbol | Max 
“WW 
Thermal Resistance, Junction to Case 


(1) Raja is measured with the device soldered into a typical printed circuit board. 


AMPLIFIER TRANSISTOR 





NPN SILICON 


Thermal Resistance, Junction to Ambient | Rgja(1) 


*This is a Motorola 
designated preferred device. 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


J Characteristic | Symbot_ | Min | typ | Max | Unit, | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) | V(BR)CEO Vdc 
(I¢ = 1.0 mAdc, Ig = 0) j i 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 100 pAdc, IE = 0) | 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(le = 10 pAdc, Ic = 0) . . 

Collector Cutoff Current ICBO 
(VcB = 15 Vdc, Ig = 0) . 

Emitter Cutoff Current pAdc 
(VER = 2.5 Vdc, Ic = 0) 

ON CHARACTERISTICS 


DC Current Gain 
(Ic = 10 mAdc, VcE = 5.0 Vdc) 
(Ic = 50 mAdc, VcgE = 5.0 Vdc) 


SMALL SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 10 mAdc, VcgE = 5.0 Vde, f = 100 MHz) 













Coilector-Base Capacitance 
(VcB = 10 Vdc, f = 1.0 MHz) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 


Rating 


Collector-Emitter Voltage 
MPS6601/6651 
MPS6602/6652 


Collector-Base Voltage 
MPS6601/6651 
MPS6602/6652 


Emitter-Base Voltage VEBO 
Collector Current — Continuous Ic 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
| Derate above 25°C 


NPN 3 Collector 
MPS6601 .- 
MPS6602* 


a = oO) 
A ~ RO 
< 
a 
io) 


Value 


















VCEO 










VCBO 1 Emitter 









PN pit) 3 Collector 
MPS6651 . 


MPS6652* _ 


CASE 29-04, STYLE 1 


TO-92 (TO-226AA) 


THERMAL CHARACTERISTICS AMPLIFIER 


TRANSISTORS 
Thermal Resistance, Junction to Ambient RaJjA(1) 
Thermal Resistance, Junction to Case ReJC 


(1) RgjJA is measured with the device soldered into a typical printed circuit board. 


1 Emitter 


Operating and Storage Junction Ty, Tstg 
Temperature Range 


—55 to +150 














*These are Motorola 
designated preferred devices. 


2 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol] Min | Max [| _Unit_| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 1.0 mAde, Ip = 0) MPS6601/6651 
MPS6602/6652 
Collector-Base Breakdown Voltage V(BR)CBO 
(ic = 100 wAde, Ie = 0) MPS6601/6651 
MPS6602/6652 
Emitter-Base Breakdown Voltage V(BR)EBO 
(Ig = 10 pAdc, Ic = 0) 


Collector Cutoff Current . 
(VcE = 25 Vdc, Ip = 0) MPS6601/6651 
(VcE = 30 Vdc, Ig = 0) MPS6602/6652 


Collector Cutoff Current 
(Vcg = 25 Vdc, IE = 0) MPS6601/6651 
(VcB = 30 Vdc, Ie = 0) MPS6602/6652 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 100 mAdc, VcgE = 1.0 Vdc) 
(I¢ = 500 mAdc, Vcg = 1.0 Vdc) 
(i¢ = 1000 mAdc, VcE = 1.0 Vdc) 





Collector-Emitter Saturation Voltage 
(Ic = 1000 mAdc, Ip = 100 mAdc) 


Base-Emitter On Voltage Ct oe | 





(I¢ = 500 mAdc, VcE = 1.0 Vdc) 
_ SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 50mAdc, VcE = 10 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 





SWITCHING CHARACTERISTICS 
—— 


Ip1 = 50 mAdc, 
tp > 300 ns Duty Cycle) 
Fall Time 


(1) Voltage and Current are negative for PNP Transistors. 
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NPN MPS6601, MPS6602, PNP MPS6651, MPS6652 


_.FIGURE 1 — SWITCHING TIME TEST CIRCUITS 


: Turn-on Time Turn-off Time 


-1.0V | Vice | +Vep —s-* Vee 


‘saliihis 


+10 V a 
J Le, | 


ty = 3.0 ns 5.0 uF 





= = tp = 3.0 ns 





* Total Shunt Capacitance of Test Jig and Connectors 
For PNP Test Circuits, Reverse All Voltage Polarities 


NPN 7 PNP 


FIGURE 2 — MPS6601/6602 DC CURRENT GAIN FIGURE 3 — MPS6651/6652 DC CURRENT GAIN 
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fr, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 
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V, VOLTAGE (VOLTS) 


C, CAPACITANCE (pF) 


NF, NOISE FIGURE (dB) 


NPN MPS6601, MPS6602, PNP MPS6651, MPS6652 


FIGURE 6 — ON VOLTAGES 
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FIGURE 8 — CAPACITANCE 


VR. REVERSE VOLTAGE (VOLTS) 


FIGURE 10 — MPS6601/6602 NOISE FIGURE 
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FIGURE 7 — ON VOLTAGES 
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=$0 >, 





NPN MPS6601, MPS6602, PNP MPS6651, MPS6652_ 


| FIGURE 12 — MPS6601 /6602 SWITCHING TIMES 
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FIGURE 14 — BASE-EMITTER TEMPERATURE COEFFICIENT | 
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FIGURE 16 — SAFE OPERATING AREA 
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FIGURE 13 — MPS6651/6652 SWITCHING TIMES 
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FIGURE 17 — SAFE OPERATING AREA 
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NPN MPS6601, MPS6602, PNP MPS6651, MPS6652 


FIGURE 18 — MPS6601/6602 SATURATION REGION FIGURE 19 — MPS6651/6652 SATURATION REGION 
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FIGURE 20 — THERMAL RESPONSE 
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MAXIMUM ae 









MPS6714 
MPS6715 












CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 





Symbol a Sl 
Collector-Base Voltage 
Collector Current — Continuous 


Collector-Emitter Voltage VCEO rae 
‘-MPS6714 
Total Device Dissipation @ TA = 25°C i 0 — 
Derate above 25°C 8.0 mWw/°C 


3 Collector 







MPS6714 
VCBO 
MPS6715 
Total Device Dissipation @ To = 25°C Watts 


MPS6715 
Derate above 25°C ~ mwrc 






1 Emitter 


THERMAL eee 


ae Oe eee ee 
Thermal Resistance, dunetions to Ambient RgJA | 125 cw CO 
Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Thorac «Symbol | Min | Max [Unie | 


OFF CHARACTERISTICS 


ONE WATT 
AMPLIFIER TRANSISTORS 


NPN SILICON 
Refer to MPSW01 for graphs. 














Collector-Emitter Breakdown Voltage(1) 
(I¢ = 10 mAdc, Ig = 0) MPS6714 
MPS6715 











Collector-Base Breakdown Voltage 


_ Fini 
(ic = 100 wAde, Ie = 0) MPS6714 


V(BR)CBO 
MPS6715 
Emitter-Base Breakdown Voltage : | V(BR)EBO 
(IE = 100 wAdc, Ic = 0) 
Collector Cutoff Current ICBO pAdc 
(Vcp = 40 Vdc, Ig = 0) MPS6714 
(Vcp = 50 Vde, Ie = 0) MPS6715 
Emitter Cutoff Current pAdc 
(Veg = 5.0 Vdc, Ic = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 7 hFE 
(i¢ = 100 mAdc, VcgE = 1.0 Vdc) 


(ic = 1000 mAde, VcE = 1.0 Vdc) pa | a 
Collector-Emitter Saturation Voltage VCE(sat) 

(Ic = 1000 mAdc, Ip = 100 mAdc) 
Base-Emitter On Voltage 

(i¢ = 1000 mAdc, Vcg = 1.0 Vdc) 



















SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 
Small-Signal Current Gain . 


(ic = 50 mAdc, Vcg = 10 Vde, f = 20 MHz) 
(1) Pulse Test: Pulse Width < 30 us, Duty Cycle < 2.0%. 
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MPS6717 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage 


3 Collector 


2 
Base . 


1 Emitter 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 
Thermal Resistance, Junction to Ambient 





ONE WATT 
AMPLIFIER TRANSISTOR 


NPN SILICON 


Thermal Resistance, Junction to Case 





Refer to MPSWO05 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| Min | Max | Unit 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voitage(1) V(BR)CEO Vdc 
(Ic = 1.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO _— Vdc 
(Ic = 100 Adc, IE = 0) . = 
Emitter-Base Breakdown Voltage ViBR)EBO Vdc 
(IE = 10 wAdc, Ic = 0) 
Collector Cutoff Current ICBO 
(VcB = 60 Vdc, IE = 0) 


Emitter Cutoff Current 
(VERB = 5.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain hFE 
(ic = 50 mAdc, VcE = 1.0 Vdc) 


(I¢ = 250 mAdc, VcE = 1.0 Vde) 


Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 250 mAdc, IB = 10 mAdc) 


Base-Emitter On Voltage VBE(on) 
(I¢ = 250 mAdc, VcgE = 1.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 

















(VcB = 10 Vde, IE = 0, f = 1.0 MHz) 
Small-Signal Current Gain 


Collector-Base Capacitance an 





(I¢ = 200 mAdc, VcgE = 5.0 Vde, f = 20 MHz) 
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MPS6724 
MPS6725 | 


CASE 29-03, STYLE1 
(TO-226AE) 


MAXIMUM RATINGS 
| Rating | Symbol _| mpse724 | mpse725 | Unit_| 
| Collector-Emitter Voltage | ces | 40 | 50 | Vdc 
| Collector-Base Voltage | “Vcpo | 50 | 60 | Vide | 
|EmitterBase Voltage | Vepo | 12 |e 
| Collector Current — Continuous | tc | 1000 


Total Device Dissipation @ Ta = 25°C 1.0. Watt 
Derate above 25°C oy 8.0 mWw/°C 
Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C , mWw/°C 
Operating and Storage Junction Ty. Tstg | -—55 to +150 °C 
Temperature Range 
_ THERMAL CHARACTERISTICS | ONE WATT 


| Characteristic | Symbol | Max | Unit | 
Thermal Resistance, Junction to Ambient RaJA 
Thermal Resistance, Junction to Case _ ReJc | 50 °C/W. 


oe Par aati <2 Refer to 2N6426 for graphs. 










ey Collector 3 











Emitter ‘1 


DARLINGTON TRANSISTORS 


NPN SILICON 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


hart Smt [ in [Max [Unit 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) V(BR)CES Vdc 
(Ic = 1.0 mAdc, lg = 0) MPS6724 
—— MPS6725 
Coliector-Base Breakdown Voltage V(BR)CBO 
(I¢ = 1.0 pAdc, IE = 0) MPS6724 Vdc 
. MPS6725 Vdc 
Emitter-Base Breakdown Voltage | V(BR)EBO Vde | 
(l—E = 10 wAde, Ic = 0) ” 
Collector Cutoff Current ICBO nAdc 
(VcB = 30 Vdc, Ig = 0) MPS6724 100 . 
100 
Emitter Cutoff Current - nAdc 
(VER = 10 Vdc, Ic = 0) 







































(Vcg = 40 Vdc, IE = 0) MPS6725 
ON CHARACTERISTICS(1) 
DC Current Gain. 

(I¢ = 200 mAdc, Vcg = 5.0 Vdc) 

(i¢ = 1000 mAdc, VcE = 5.0 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) Vde 
(I¢ = 1000 mAdc, Ip = 2.0 mAdc) 
Base-Emitter On Voltage VBE(on) Vde 
(I¢ = 1000 mAdc, VcgE = 5.0 Vdc) 
SMALL-SIGNAL CHARACTERISTICS | | | | | | 
| Current-Gain — Bandwidth Product . fT MHz 
(Ic = 200 mAdc, VcgE = 5.0 Vde, f = 100 MHz) see 


Collector-Base Capacitance 
(VcB = 10 Vdc, Ig = 0, f = 1.0 MHz) 







(FS STS SS SSS ee 
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MAXIMUM RATINGS MPS6726 


Collector-Emitter Voltage VCEO 
MPS6726 
MPS6727 

Collector-Base Voltage VcBO 
MPS6726 
MPS6727 


Emitter-Base Voltage VEBO 


MPS6727 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


3 Collector 


2 . 
Base 


1 Emitter 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 





THERMAL CHARACTERISTICS ONE WATT 


Characteristic Symbol | Max AMPLIFIER TRANSISTORS 
Thermal Resistance, Junction to Ambient RgJA 
: PNP SILICON 
Thermal Resistance, Junction to Case RgJc | BO 










Refer to MPSW51 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO | 
(Ic = —10 mAdc, Ig = 0) MPS6726 
MPS6727 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = —100 pAde, IE = 0) MPS6726 
MPS6727 . 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc | 
(IE = —100 Adc, Ic = 0) 


Collector Cutoff Current 
(VcB = —40 Vdc, IE = 0) MPS6726 
(VcR = —50 Vdc, Ig = 0) MPS6727 
Emitter Cutoff Current 
(VERB = —5.0 Vdc, Ic = 0) 
ON CHARACTERISTICS(1) 
DC Current Gain 
(I¢ = —100 mAdc, VcgE = —1.0 Vdc) 
(I¢ = —1000 mAdc, VcE = -— 1.0 Vdc) 
Collector-Emitter Saturation Voltage 
(Ic = -1000 mAdc, Ip = — 100 mAdc) 


Base-Emitter On Voltage 
(Ic = —1000 mAdec, VcE = —1.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(VcBp = —10 Vdc, Ie = 0, f = 1.0 MHz) 








Small-Signal Current Gain 
(Ic = —50 mAdc, Vcg = —10 Vdc, f = 20 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 








MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


2-305 











MPS8093 -_ 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 





Total Device Dissipation @ Ta = 25°C 


SY 


3 Collector 





Derate above 25°C Age 
c = 60°C 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C . 


1 Emitter 





GENERAL PURPOSE TRANSISTOR 


PNP SILICON 









: Characteristic 


Thermal Resistance, Junction to Ambient 







Thermal Resistance, Junction to Case 


Refer to 2N4402 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = —10 mAdc) 


Collector-Base Breakdown Voltage 
(ic = —100 pAdc) 


| Emitter-Base Breakdown Voltage 
(le = —100 pAdc) 


Collector Cutoff Current 
(VcB = -—20V) 


Emitter Cutoff Current 
(VEB = —3.0V) 


ON CHARACTERISTICS 


DC Current Gain | 
(Ic = —50 mAdc, VcE = —2.0 Vde) 


Collector-Emitter Saturation Voltage 
(Ic = -—50 mAdc, lp = —5.0 mAdc) 


Base-Emitter On Voltage 
(Ic = -—50 mAdc, VcE = —2.0 V) 






VCE(sat) 


VBE(on) 
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3 Collector 







MAXIMUM RATINGS 


MPSs8098 | MPS8099 e 
| ___ nating —___| ymbor| mrsosas | messes | une || MPS8098  ... 
"olesorEniterVotase——SSC*dceo | || vee | | MIPS8099* _— 
| Collector-Base Voltage =| Vepo | 60 | S80 | Ve 


MPS8598 
MPSso03s9 | MPS8599 
Ic 











3 Collector 


PN pi2) 
MPS8598 6... 
MPS8599* 1 Emitter 
SS 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 625 mW 
Derate above 25°C 5.0 mWw/°C 
Total Device Dissipation @ Tc = 25°C 1.5 Watts 
Derate above 25°C 12 mW/°C | | 
Operating Storage Junction TJ. Tstg —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 
[Max [Unie 


Thermal Resistance, Junction to Ambient 
Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol_| Min | Max | Unit 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) 



















2 
3 


AMPLIFIER TRANSISTORS 


These are Motorola 
designated preferred devices. 






V(BR)CEO 











(ic = 10 mAdc, Ip = 0) MPS8098, MPS8598 60 
MPS8099, MPS8599 80 

Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 pAdc, IE = 0) MPS8098, MPS8598 60 
MPS8099, MPS8599 80 

















Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 wAdc, Ic = 0) MPS8098, MPS8099 
MPS8598, MPS8599 
Collector Cutoff Current ICEO 
(VcE = 60 Vdc, Ip = 0) 
Collector Cutoff Current ICBO 
(VcB = 60 Vde, IE = 0) MPS8098, MPS8598 
(VcB = 80 Vdc, IE = 0) MPS8099, MPS8599 


Emitter Cutoff Current at 


~ pAdc 


. pAdc 









pAdc 


So ° 
—_ — 












ON CHARACTERISTICS(1) 


DC Current Gain (Ic = 1.0 mAdc, Vcg = 5.0 Vdc) 
(lc = 10 mAdc, VcgE = 5.0 Vdc) 
(Ic = 100 mAdc, VcgE = 5.0 Vdc) 


Collector-Emitter Saturation Voltage (Ic = 100 mAdc, Ip = 5.0 mAdc) VCE(sat) 


(I¢ = 100 mAdc, Ip = 10 mAdc) 
VBE(on) 


(VeR = 6.0 Vdc, Ic = 0) MPS8098, MPS8099 
(VER = 4.0 Vdc, Ic = 0) MPS8598, MPS8599 
hFE 100 
100 














Vdc 
Vdc 








Base-Emitter On Voltage 
(Ic = 1.0 mAdc, Vcg = 5.0 Vdc) MPS8098, MPS8098 
(I¢ = 10 mAdc, Vcg = 5.0 Vdc) MPS8099, MPS8599 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, VcgE = 5.0 Vde, f = 100 MHz) 


Output Capacitance 
(VcB = 5.0 Vde, Ie = 0, f = 1.0 MHz) MPS8098, MPS8099 
MPS8598, MPS8599 


0.4 
0.3 
0.7 
0.8 








= 
Pa 
N 


ws 
or 


wn on 

oO oi oo 

EE 
Ti Ti 


Input Capacitance 


(VeR = 0.5 Vdc, Ic = 0, f = 1.0 MHz) MPS80g8, MPS8099 
MPS8598, MPS8599 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle = 2.0%. 
(2) Voltage and Current are negative for PNP Transistors. 
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NPN MPS8098, MPS8099, PNP MPS8598, MPS8599 


FIGURE 1 — SWITCHING TIME TEST CIRCUITS 
Turn-on Time Turn-off Time 


-1.0V 


Vee +*VBB 


—+{5.0 us} 
+10V . 

4 Vi 
0 | E 


ty = 3.0 ns 





aC 


5.0 uF 


—e|5. 0 us}—— 


ty = 3.0 ns 





*Total Shunt Capacitance of Test Jig and Connectors 
For PNP Test Circuits, Reverse All Voltage Polarities 


FIGURE 2 — CURRENT-GAIN — BANDWIDTH PRODUCT 
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Ic, COLLECTOR CURRENT (mA) 
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—50 —70 —100 


NPN MPS8098, MPS8099, PNP MPS8598, MPS8599 
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FIGURE 5 — THERMAL RESPONSE 
ic, COLLECTOR CURRENT (mA) 
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V, VOLTAGE (VOLTS) | 


hee, DC CURRENT GAIN 
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NPN MPSs098, MPS8099, PNP MPS8598, MPS8599 


FIGURE 8 — “ON” VOLTAGES ~ 
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FIGURE 9 — COLLECTOR SATURATION REGION 
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FIGURE 11 — DC CURRENT GAIN 
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V, VOLTAGE (VOLTS) 


NPN MPS8098, MPS8099, PNP MPS8598, MPS8599 


FIGURE 12 — “ON’’ VOLTAGES 
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FIGURE 13 — COLLECTOR SATURATION REGION 
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F IGURE 14 — BASE-EMITTER TEMPERATURE COEFFICIENT 
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: NPN 3 Collector 
MPSA0S_ 
MPSA06* 


PNP'S) 
-MPSASS _: 


MAXIMUM RATINGS 


Base 


1 Emitter 


3 Collector 


Base. 


MPSA56* Fw 


CASE 29-04,STYLE1 4 
TO-92 (TO-226AA) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C | 


Operating and Storage Junctio oC 
Temperature Range _ | 


2 
3 


AMPLIFIER TRANSISTORS 


*These are Motorola 
designated preferred devices. 





(1) Raja is measured with the device soldered into a typical printed circuit board. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po Characteristic | Symbot_ | Min | Max [Unit 





OFF CHARACTERISTICS - ee } 


Collector-Emitter Breakdown Voltage(1) . —_ V(BR)CEO 
(Ic = 1.0 mAde, Ig = 0) MPSA05, MPSA55 60 
MPSA06, MPSA56 80 


Emitter-Base Breakdown Voltage V(BR)EBO 
(le = 100 wAdc, Ic = 0) 


(VcE = 60 Vdc, Ip = 0) —_ ae 


Collector Cutoff Current | Te: a ICBO 
(VcB = 60 Vdc, Ig = 0) MPSA05, MPSA55 
(Vcp = 80 Vdc, Ig = 0) MPSA06, MPSA56 


ON CHARACTERISTICS 


Collector Cutoff Current - . ICEO 
















(Ic = 10 mAdc, VcE = 1.0 Vdc) 
(I¢ = 100 mAdc, VcE = 1.0 Vdc) 


DC Current Gain hrE | 
100 
100 





Collector-Emitter Saturation Voltage | VCE(sat) Vde 
(I¢ = 100 mAdc, lg = 10 mAdc) 

Base-Emitter On Voltage VBE(on) Vdc 
(I¢ = 100 mAdc, VcE = 1.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


. Current-Gain — Bandwidth Product(2) 
(I¢ = 10 mA, VcE = 2.0 V, f = 100 MHz) MPSA05 
MPSA06 


(Ic = 100 mAdc, VcE = 1.0 Vdc, f = 100 MHz) MPSA55 
MPSA56 





(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) fy is defined as the frequency at which |h¢e| extrapolates to unity. 
(3) Voitage and Current are negative for PNP Transistors. 
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ft, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 


C, CAPACITANCE (pF) 
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0 


NPN MPSA05, MPSA06, PNP MPSA55, MPSA56 


FIGURE 1 — SWITCHING TIME TEST CIRCUITS 


Turn-on Time 


-1.0V Vec 


—e|5.0 usb 


tp = 3.0 ns 5.0 uF 





Turn-off Time 


+Vepg Vcc 


* Total Shunt Capacitance of Test Jig and Connectors 
For PNP Test Circuits, Reverse All Voltage Polarities 


FIGURE 2 — CURRENT-GAIN — BANDWIDTH PRODUCT 
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FIGURE 3 — CAPACITANCE 
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NPN MPSAO5, MPSA06, PNP MPSA55, MPSAS6 


FIGURE 4 — SWITCHING TIME 
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hee, OC CURRENT GAIN 
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FIGURE 7 — DC CURRENT GAIN 
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FIGURE 10 — BASE-EMITTER TEMPERATURE COEFFICIENT 
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hee, DC CURRENT GAIN 
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FIGURE 11 — DC CURRENT GAIN 
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FIGURE 12 — “ON” VOLTAGES 
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FIGURE 13 — COLLECTOR SATURATION REGION 
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FIGURE 14 — BASE-EMITTER TEMPERATURE COEFFICIENT 
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MPSA13 
MPSA14* 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


Collector 3 


MAXIMUM RATINGS 
Rating 


V 
V 
V 


dc 
dc 
dc 


SS 


Collector Current — Continuous 


mAdc 
Total Device Dissipation @ Ta = 25°C mW 
Derate above 25°C mw/°C 
Total Device Dissipation @ Tc = 25°C Watts 
Derate above 25°C mWw/°C 


DARLINGTON TRANSISTORS 














Characteristic NPN SILICON 


Thermal Resistance, Junction to Ambient 
Thermal Resistance, Junction to Case 


*This is a Motorola 
designated preferred device. 





Refer to 2N6426 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_ | Min | Max | unit _ | 


OFF CHARACTERISTICS 














Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(I¢ = 100 wAdc, Ip = 0) 
Collector Cutoff Current ICBO nAdc 
| (Vcp = 30 Vdc, IE = 0) 
FE 
(I¢ = 100 mAdc, VcgE = 5.0 Vdc) MPSA13 


(VER = 10 Vdc, Ic = 0) 


ON CHARACTERISTICS(1) 
DC Current Gain 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(I¢ = 100 mAdc, Ig = 0.1 mAdc) 
Base-Emitter On Voltage VBE Vde 
(i¢ = 100 mAdc, Vcg = 5.0 Vdc) 











5000 
10,000 






(I¢ = 10 mAdc, Vcg = 5.0 Vdc) MPSA13 
MPSA14 















(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) fr = |hfel ° ftest- 
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MPSA16 
MPSAl i* 


MAXIMUM nATINGS 





Rating seauteeaias MPS-A17 
Collector-Emitter Voltage VCEO 


Emitter-Base Voltage VEBO | 12 | 
Collector Current — Continuous 
Total Device Dissipation @TaA = 25°C 

Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
| Operating and Storage Junction Ty, Tstg -55 to + 150 
Temperature Range 
THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Ambient 
Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


_ Characteristic | Symbol | Min | Max | Unit __| 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage | Mericeo | 40 — 
(Ic = 1.0 mAdc, Ip = 0) 
Emitter-Base Breakdown Voltage licasen 
(IE = 0.1 mAdc, Ic = 0) —_ MPS-A16 
: MPS-A17 
Collector Cutoff Current ICBO nAdc 
_(VcB =. 30.Vde, Ig = 0) | 
Emitter Cutoff Current | nAdc 
(VER = 10 Vdc, ic = 0) 


ON CHARACTERISTICS 


DC Current Gain - 200 
(Ic = 5.0 mAdc, VcgE = 10 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) Vde 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


(ic = 5.0 mAdc, Vcg = 10 Vdc, f = 100 MHz) MPS-A16 
MPS-A17 






CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


ISS 












3 Collector 


1 Emitter 


CHOPPER TRANSISTORS 


NPN SILICON 


*This is a Motorola 
designated preferred device. 






















Output Capacitance 
(VcB = 10 Vde, IE = 0, f = 1.0 MHz) 
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MPSA16, MPSA17 


FIGURE 1 —DC CURRENT GAIN 
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FIGURE 3 —SATURATION AND ON VOLTAGES 


FIGURE 2 —SMALL SIGNAL CURRENT GAIN 
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FIGURE 5 — OUTPUT CAPACITANCE 
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MPSA18* 


MAXIMUM RATINGS 
| Rating | Symbol 
(oe Se SR Be 
|Emitter-Base Voltage = | VeBO | 68d 
| Collector Current—Continuous ss |_—ic | 200 

Total Device Dissipation @ Ta = 25°C pee eer 
Derate above 25°C 
Femmes [|e Tae 
Derate above 25°C 12 mW/°C 
Temperature Range 
THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Ambient | Rgja(t) | 200s | ecw CO” 
Thermal Resistance, Junction to Case RgJc | 83.3 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po haracteristic | Symbot | Min | typ | Max [Unit 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vde 
(I¢ = 10 mAdc, Ig = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(le = 10 wAdc, Ic = 0) 














CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


> 3 Collector 





2 1 Emitter 
3 


LOW NOISE TRANSISTOR 


NPN SILICON 








*This is a Motorola 
designated preferred device. 








‘Collector Cutoff Current 
(VcB = 30 Vdc, Ig = 0) 


ON CHARACTERISTICS(2) 


DC Current Gain 
(Ic = 10 pAdc, VcE = 5.0 Vdc) 
(Ic = 100 pAdc, Vcg = 5.0 Vdc) 
(i¢ = 1.0 mAdc, Vcg = 5.0 Vdc) 
(Ic = 10 mAdc, VcE = 5.0 Vdc) 





Collector-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ip = 0.5 mAdc) 
(I¢ = 50 mAdc, Ig = 5.0 mAdc) 


Base-Emitter On Voltage VBE(on) 0.7 Vdc | 
(ic = 1.0 mAdc, Vcg = 5.0 Vdc) 


' SMALL-SIGNAL CHARACTERISTICS 
















Current-Gain — Bandwidth Product 
(ic = 1.0 mAdc, VcgE = 5.0 Vde, f = 100 MHz) 


Collector-Base Capacitance Cob 1.7 pF 
(VcB = 5.0 Vdc, Ie = 0, f = 1.0 MHz) 

Emitter-Base Capacitance 

(VeB = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 

Noise Figure 


(ic = 100 wAdc, Veg = 5.0 Vde, Rg = 10 kO, f = 1.0 kHz) 
(ic = 100 wAdc, Voge = 5.0 Vde, Rg = 1.0 kQ, f = 100 Hz) 


Equivalent Short Circuit Noise Voltage VT 
(I¢ = 100 wAdc, Veg = 5.0 Vde, Rg = 1.0 kf, f = 100 Hz) 7 


(1) Raa is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MPSA18 


FIGURE 1 — TRANSISTOR NOISE MODEL 


Ideal 


Transistor 





NOISE CHARACTERISTICS 
(VcgE = 5.0 Vdc, Ta = 25°C) 


NOISE VOLTAGE a 
FIGURE 2 — EFFECTS OF FREQUENCY FIGURE 3 — EFFECTS OF COLLECTOR CURRENT 
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MPSA18 


100 Hz NOISE DATA 











































































FIGURE 6 — TOTAL NOISE VOLTAGE FIGURE 7 — NOISE FIGURE 
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FIGURE 8 — DC CURRENT GAIN 
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FIGURE 9 — “ON” VOLTAGES FIGURE 10 — TEMPERATURE COEFFICIENTS 
1.0 -0. 
CETTE Co aa ACUTE 
a | 5 pte nl A 
0.8 25°C S -0.8 
- HHL Eee = LL EEUMLT TE ET 
B ae | Ver @ Vee = 50V ——— ee LUM LL PEA EE TT 
= ME TT ETM 2 LE ET TE 
2 us ET a il i ETL LE a ! 
S LULU LU LT Ti) Be | é 
S Se LUT I ) 
> Hn ee BTS EME PRP 2au 
NANA a PCE 
je CHE ote TI 
0.01 0.02 005 0.1 02 O05 10 20 50 10 20 50 100 0.01 0.02 005 0.1 02 O5 10 20 50 10 20 50 100 





~ Ie, COLLECTOR CURRENT (mA) ic, COLLECTOR CURRENT (mA) 
MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


. 2-322 


C, CAPACITANCE (pF) 
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30 


50 70 100 





_MPSA20 


CASE 29-04, STYLE 1 
_T0-92 (TO-226AA) 


MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage - Vcso | 40 ~~ | 
Collector Current — Continuous . rig =| 00 


Total Device Dissipation @ Ta = 25°C 


NS 3 Collector 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C. 
Derate above 25°C ce, 


Operating and Storage Junction | 
Temperature Range 
THERMAL CHARACTERISTICS 


| Characteristic | Symbol _ 
Thermal Resistance, Junction to Ambient RgjA(1) 
Thermal Resistance, Junction to Case ReJc 


1 Emitter 





AMPLIFIER TRANSISTOR 


NPN SILICON 






Refer to MPS3904 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) Oo V(BR)CEO Vde | 
(I¢ = 1.0 mAdc, Ig = 0) 

Emitter-Base Breakdown Voltage | V(BR)EBO Vde 
(le = 100 wdc, Ic = 0) 


Collector Cutoff Current 


(VcB = 30 Vdc, IE = 0) 
ON CHARACTERISTICS 


DC Current Gain(2) hee 
(I¢ = 5.0 mAdc, Vcgp = 10 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 10 mAdc, Ig = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(Ic = 5.0 mAdc, Vcge = 10 Vde, f = 100 MHz 








Output Capacitance 
(VcB = 10 Vdc, Ig = 0, f = 1.0.MHz) 


(1) RejA is measured with the device soldered into a typical printed circuit board. 
_ (2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MPSA27 


CASE 29-04, STYLE 1 
MAXIMUM RATINGS TO-92 (TO-226AA) 
[Rating | Symbol [MPS AzalwPS. ae wPs-A27 
[coiecortmiter Votage | oes | a0 | 50 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 







Collector 3 






ISS 







Emitter 1 


DARLINGTON TRANSISTOR 


NPN SILICON 


THERMAL CHARACTERISTICS 


Characteristic | Symbol | Max | 


Thermal Resistance, Junction to Ambient RaJA 











ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | min [typ | Max | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(ic = 100 pAdc, Vee = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 wAde, IE = 0) 


Collector Cutoff Current ICBO 
(Vcgp = 30V, le = 0) 
(Vcp = 40V, Ie = 0) 
(Vcp = 50 V, Ig = 0) 
Collector Cutoff Current . ICES nAdc 
(Vce = 30 V, VBE 
(VcE = 40 V, VBE = 
(VcE = 50 V, VBE 


Emitter Cutoff Current nAdc | 
(Veg = 10 Vdc) 
ON CHARACTERISTICS(1) 


DC Current Gain 
(Ic = 10 mA, VcE = 5.0 V) 
(I¢ = 100 mA, VcgE = 5.0 V) 


Collector-Emitter Saturation Voltage 
(I¢ = 100 mA, Ig = 0.1 mAdc) 


Base-Emitter On Voltage VBE(on) Vde 
(I¢ = 100 mA, VcE = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 
Small Signal Current Gain 














(lc = 10 mA, VcgE = 5.0 V, f = 100 MHz) 
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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EIGUAE 1 — DC CURRENT GAIN 
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FIGURE 3 — COLLECTOR SATURATION REGION 


COM ooo 
CEUTA ETT 
UME TT 
CUA TNE TET 
LL TN [ic 800 ma 

Piniees Dll 
ste: Hill 





| 
| 
| 
a 
I 
@ 
iS 


[aes 





FS a Cas 
a Sa 2 


0.10020 050 1.0 20 50 10 20 
Ig, BASE CURRENT (,:A) 






Veg. COLLECTOR-EMITTER VOLTAGE (VOLTS) 






MPSA27 


V, VOLTAGE (VOLTS) 


ihfe|, SMALL-SIGNAL CURRENT GAIN 


50 100 200 500 1K 


FIGURE 2 — “ON” VOLTAGES 
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FIGURE 4 — HIGH FREQUENCY CURRENT GAIN 
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MPSA28 
MPSA29* 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 




















Collector 3 


SY 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Emitter 1 


THERMAL CHARACTERISTICS 


Characteristic | Symbol | 
Thermal Resistance, Junction to Ambient R@JA 


DARLINGTON TRANSISTORS 


NPN SILICON 





Thermal Resistance, Junction to Case ReJc 


*This is a Motorola 
designated preferred device. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[Shaanti «Smt | mint Mee Un 


V(BR)CES Vde 
80 
100 
(I¢ = 100 pAde, Ig = 0) MPSA28 


V(BR)CBO Vde 
80 
MPSA29 100 
Emitter-Base Breakdown Voltage V(BR)EBO 12 
(IE = 10 wAdc, Ic = 0) 


Collector Cutoff Current ICBO nAdc 
(VcB = 60 Vde, IE = 0) MPSA28 100 
100 

ICES nAdc 
500 
500 


Vdc 
(Vcg = 80 Vdc, Ie = 0) MPSA29 
Collector Cutoff Current 
FE 
10,000 
10,000 
_ = 


(VcE = 60 Vdc, Vee 
dc 
Base-Emitter On Voltage VBE(on) de 
(Ic = 100 mAdc, VcgE = 5.0 Vdc) 
pF 





OFF CHARACTERISTICS 















Collector-Emitter Breakdown Voltage 
(Ic = 100 »Adc, Vee = 0) MPSA28 
MPSA29 





Collector-Base Breakdown Voltage 















0) MPSA28 
MPSA29 


II 

















ON CHARACTERISTICS(1) 


DC Current Gain 

(Ic = 10 mAdc, VcE = 5.0 Vdc) 
(I¢ = 100 mAdc, Vcg = 5.0 Vdc) 
Collector-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ip = 0.01 mAdc) 
(I¢ = 100 mAdc, Ip = 0.1 mAdc) 



















(VcE = 80 Vdc, Vee = 
SMALL-SIGNAL CHARACTERISTICS 


Emitter Cutoff Current 
Current-Gain — Bandwidth Product(2) fT 
(I¢ = 10 mAdc, VcgE = 5.0 Vdc, f = 100 MHz) 






(Veg = 10 Vdc, Ic = 0) 
Output Capacitance Cobo 
(VcgR = 10 Vde, Ie = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) fr = hfe ° ftest- 





0.7 
0.8 
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hee, DC CURRENT GAIN (k) 


Ac, COLLECTOR CURRENT (mA) 


OV, TEMPERATURE COEFFICIENT (mV/°C) 


MPSA28, MPSA29 
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MPSA42* 
MAXIMUM RATINGS MPSA43 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


Qy 3 Collector 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 


Derate above 25°C 
1 Emitter 


HIGH VOLTAGE TRANSISTORS 


NPN SILICON 


Characteristic 
Thermal Resistance, Junction to Ambient 
Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


aia aeraiaon Sa oe 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(I¢ = 1.0 mAdc, Ip = 0) MPSA42 300 
MPSA43 200 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 pAdc, Ie = 0) MPSA42 300 
MPSA43 200 
Emitter-Base Breakdown Voltage | V(BR)EBO Vde 
(IE = 100 wAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 200 Vdc, IE = 0) MPSA42 
(VcB = 160 Vdc, Ig = 0) MPSA43 


Emitter Cutoff Current 
(VEB = 6.0 Vdc, Ic = 0) MPSA42 
(VEB = 4.0 Vdc, Ic = 0) MPSA43 


*This is a Motorola 
designated preferred device. 








ON CHARACTERISTICS(1) 









DC Current Gain 
(I¢ = 1.0 mAdc, Vcg = 10 Vdc) 
(Ic = 10 mAdc, VcgE = 10 Vdc) 

(ic = 30 mAdc, Vcg = 10 Vdc) 


Collector-Emitter Saturation Voltage 
(I¢ = 20 mAdc, Ig = 2.0 mAdc) MPSA42 
MPSA43 






















bad ENF Kal 
i 









Base-Emitter Saturation Voltage 
(Ic = 20 mAdc, IR = 2.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 20 Vdc, f = 100 MHz) 





Collector-Base Capacitance 
(VcB = 20 Vdc, Ip = 0, f = 1.0 MHz) MPSA42 
MPSA43 





(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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MPSA42, MPSA43 


FIGURE 1—DC CURRENT GAIN 
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FIGURE 3 — CURRENT-GAIN—BANDWIDTH PRODUCT 
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MPSA44* 








MAXIMUM RATINGS 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 
NN sesics 


Emitter-Base Voltage 


Collector Current — Continuous. 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 

Derate above 25°C 


Operating and Storage Junction Tj, Tstg | —55 to +150 °C 
Temperature Range 

















1 Emitter 













HIGH VOLTAGE | 
TRANSISTOR 


THERMAL CHARACTERISTICS 


Characteristic 
Thermal Resistance, Junction to Ambient 


NPN SILICON 






*This is a Motorola 
designated preferred device. 





Thermal Resistance, Junction to Case ReJC 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) . 
a 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(ic = 1.0 mAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = 100 pAdc, Vege = 0) 


Collector-Base Breakdown Voltage 
(Ic = 100, wAdc, Ie = 0) 


Emitter-Base Breakdown Voltage 
(le = 10 wAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 400 Vdc, IE = 0) 


Collector Cutoff Current 
(VcE = 400 Vdc, Vee = 0) 


Emitter Cutoff Current 
(VER = 4.0 Vde, Ic = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain(1) (I¢ = 1.0 mAdc, VcE = 10 Vdc) 
(I¢ = 10 mAdc, VcgE = 10 Vdc) 
(i¢ = 50 mAdc, Vcg = 10 Vdc) 
(I¢ = 100 mAdc, VcE = 10 Vdc) 

Collector-Emitter Saturation Voltage(1) (Ic = 1.0 mAdc, Ip = 0.1 mAdc) 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 
(I¢ = 50 mAdgc, Ig = 5.0 mAdc) 


Base-Emitter Saturation Voltage (Ic = 10 mAdc, Ip = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 
Output Capacitance (Vcg = 20 Vdc, Ig = 0, f = 1.0 MHz) 


Input Capacitance (VeEB = 0.5 Vde, Ic = 0, f = 1.0 MHz) 








Small-Signal Current Gain 
(Ic = 10 mAdc, VcE = 10 Vdc, f = 20 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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CAPACITANCE (pF) 


FIGURE 1 — DC CURRENT GAIN 
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Ic, COLLECTOR CURRENT (mA) 
Ic, COLLECTOR CURRENT (mA) 


Men 
TTT. 


*Total Shunt Capacitance or Test Jig and Connectors. 





_ For Specifications, | 
MPSASS, MPSAS6 See MPSA0S, MPSA06 Data | MPSA62 


| MAXIMUM RATINGS =| | thru 
MPSAG4* 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 








Collector 3 


SS 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Emitter. 1 


THERMAL CHARACTERISTICS DARLINGTON TRANSISTORS 


| Characteristic | Symbol | Max 
_ Thermal Resistance, Junction to Ambient R@JA | 200 







PNP SILICON 
*MPSA64 is a Motorola _ 
designated preferred device. 


Refer to MPSA75 for graphs. 






Thermal Resistance, Junction to Case RgJc 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) | 
_____Characteristic | Symbol | Min | Max | Unit _| 


OFF CHARACTERISTICS 









Collector-Emitter Breakdown Voltage 
(l¢ = —100 »Adc, Vee = 0) MPSA62 
MPSA63, MPSA64 











Collector Cutoff Current 


“ p2[- |". 
(Vog = —15 Vde, Ie = 0) | MPSA62 


ICBO nAdc 

— 100 

(VcB = —30 Vdc, IE = 0) MPSA63, MPSA64 — 100 

Emitter Cutoff Current , lEBO nAdc 
(Vegp = —10 Vdc, Ic = 0) . : ; 


ON CHARACTERISTICS(1) 


DC Current Gain 
(Il¢ = —10 mAdc, Vcg = —5.0 Vdc) MPSA63 5000 
MPSA64 10,000 
MPSA62 20,000 











(ic = —100 mAdc, Vcg = —5.0 Vdc) MPSA63 | 10,000 
MPSA64 


Collector-Emitter Saturation Voltage . VCE(sat) 
(I¢ = —10 mAdc, Ip = —0.01 mAdc) MPSA62 ; 
(I¢ = —100 mAdc, Ip = —0.1 mAdc) MPSA63, MPSA64 


Base-Emitter On Voltage 
(Ic = —10 mAdc, Vcg = —5.0 Vdc) MPSA62 
(I¢ = —100 mAdc, VcE = —5.0 Vdc) MPSA63, MPSA64 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(2) 








(Ic = —100 mAdc, Vce = —5.0 Vde, f = 100 MHz) MPSA63, MPSA64 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) fr = |hfel * ftest- 
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MAXIMUM RATINGS 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Ambient Raja 





MPSA70 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


QS 3 Collector 


2 1 Emitter 
3 


AMPLIFIER TRANSISTOR 


PNP SILICON 





Thermal Resistance, Junction to Case RgJc 


ELECTRICAL CHARACTERISTICS T, = 25°C unless otherwise noted.) 


Refer to 2N5086 for graphs. 


Characteristic | Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(i¢ = —1.0 mAdc, Ip = 0) 


Emitter-Base Breakdown Voltage 
(le = —100 Adc, Ic = 0) 


Collector Cutoff Current 





(VcB = —30 Vdc, Ig = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(Ic = —5.0 mAdc, Vcge = —10 Vdc) 


Collector-Emitter Saturation Voltage 


4 6. BAe 





(i¢ = —10 mAdc, Ip = —1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = —5.0 mAdc, Vcg = —10 Vdc, f = 100 MHz) 


Output Capacitance 





(VcB = —10 Vdc, IE = 0, f = 1.0 MHz) 
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~ MPSA75 
MPSA77 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 
_ MAXIMUM RATINGS 3 


Collector 3 


Si 


| Emitter-Base Voltage | VEBO 
Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C — 


Operating and Storage Junction Ty, Tstg —55 to +150 | 
Temperature Range 
THERMAL CHARACTERISTICS | . 


Symbol 
Thermal Resistance, Junction to Ambient Re@JA- 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 





Emitter 1 


DARLINGTON TRANSISTORS 







PNP SILICON 








| Characteristic | Symbot_ | Min | typ | Max | Unit _| 


‘OFF CHARACTERISTICS 
















Collector-Emitter Breakdown Voltage 
(ic = -—100 pAdc, Vee = 0) 





MPSA75 
MPSA77 


V(BR)CES : Vdc 
} —40 
~60 

V(BR)CBO Vdc 
—40 
| —60 









Collector-Base Breakdown Voltage 
(I¢ = 100 wAdc, ig = 0) MPSA75 
MPSA77 











Collector Cutoff Current 
(VcB = —30V, IE = 0) MPSA75 
(VcB = —50V, IE = 0) MPSA77 


Collector Cutoff Current 



































~ p= [ =) 
ICES nAdc 
(VceE = —30 V, Vee MPSA75 —500 
(VceE = —50 V, VBE MPSA77 —500 
Emitter Cutoff Current nAdc . 
(VERB = —10 Vdc) ) 
ON CHARACTERISTICS : 
DC Current Gain 
(Ic = -—10 mA, Vce = —5.0 V) 10,000 
(Ic = -—100 mA, VcE = —5.0 V) . 10,000 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = —100 mA, Ip = —0.1 mAdc) 
Base-Emitter On Voltage VBE Vdc 
(I¢ = -100 mA, VcE = —5.0 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — High Frequency 








(I¢ = -10 mA, VcgE = —5.0 V, f = 100 MHz) 
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V, VOLTAGE (VOLTS) 


|he¢|, HIGH FREQUENCY CURRENT GAIN 


MPSA75, MPSA77 


FIGURE 1 — DC CURRENT GAIN 
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MAXIMUM RATINGS 
[Rating | Symbot [_wrsasz | _MPsasa _ 
Fcolector-Bese Voltage | -Veo | 200 | 200 | vae 
; 


ee ee 7] oe 










@ Tap = 25°c 

Derate above 25°C 
Total Device Dissipation 

@ Tc = 25°C 

Derate above 25°C 


. Characteristic 


Thermal Resistance, Junction to Ambient 
Thermal Resistance, Junction to Case R@Jc 


ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted.) 








Characteristic 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = —1.0 mAdc, Ig = 0) MPSA92 


MPSA93 


Collector-Base Breakdown Voltage 
(Ic = —100 wAdc, Ie = 0) MPSA92 


MPSAQ3. 

Emitter-Base Breakdown Voltage 

(l—E = —100 pAde, Ic = 0) 
Collector Cutoff Current 

(VcB = —200 Vdc, Ig = 0) 

(VcB = —160 Vdc, IE = 0) 
Emitter Cutoff Current 

(VERB = —3.0 Vdc, Ic = 0) 
ON CHARACTERISTICS(1) 
DC Current Gain 


(Ic = —1.0 mAdc, Veep = —10 Vdc) 
(Ic = —10 mAdc, VcE = —10 Vdc) 


MPSA92 
MPSA93 


Both Types 
Both Types 


MPSA92 


(Ic = —30 mAdc, Vcg = —10 Vdc) 
MPSA93 


Collector-Emitter Saturation Voltage 
(IC = —20 mAdc, lp = —2.0 mAdc) MPSA92 


MPSA93 


Base-Emitter Saturation Voltage 
(Ic = —20 mAdc, Ip = ~—2.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = —10 mAdc, VcgE = —20 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(VcB = —20 Vdc, Ig = 0, f = 1.0 MHz) 


MPSA92 
MPSA93 





MPSA92* 
MPSA93 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


NS 


3 Collector 


1 Emitter 


HIGH VOLTAGE 
TRANSISTORS 


PNP SILICON 


*This is a Motorola 
designated preferred device. 





V(BR)CEO Vde 
— 300 
—200 


V(BR)CBO Vde 
—300 
~200 








VCE(sat) 
VBE(sat) 
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FETs AND DIODES 


hee, DC CURRENT GAIN 


C, CAPACITANCE (pF) 


V, VOLTAGE (VOLTS) 





MPSA92, MPSA93 


FIGURE 1—DC CURRIENT GAIN 
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FIGURE 5 — ACTIVE-REGION SAFE 
FIGURE 4 — “ON” VOLTAGES OPERATING AREA 


1.5 WATT THERMAL 
LIMITATION @T¢ = 25° 
625 mW THERMAL . 
LIMITATION @ Ta = 25°C 


we - BONDING WIRE LIMITATION 
SECOND BREAKDOWN 


mas CEE 
rir LIMITATION 5 «1500 
-19 20 -50  —-0  —20 =50 100 -30 50 —- —-2 -30 —80 100 200 —300 


Ic, COLLECTOR CURRENT (mA) Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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MPSHO4 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) — 


MAXIMUM RATINGS 
Rating | 


















- Collector-Emitter Voltage 


Emitter-Base Voltage | VEBO | 
Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 


-  Derate above 25°C Rs 


SY 


3 Collector 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction TJ, Tstg 
Temperature Range 
THERMAL CHARACTERISTICS 


~~ Characteristic | Symbol | 
Thermal Resistance, Junction to Ambient RejA(1) 
Thermal Resistance, Junction to Case ReJc 


(1) Raja is measured with the device soldered into a typical printed circuit board. 


1 Emitter 





AMPLIFIER TRANSISTOR 


NPN SILICON 









ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 7 


hel Mil Milt a Mal 
pee = = 
Kd Ml a Mel all 
Sc Sie a a Kal 
Mt Mal Bea lal 


ae | pm | 








Collector-Emitter Breakdown Voltage(2) . 
(Ic = 1.0 mAde, Ig = 0) 


Collector-Base Breakdown Voltage 
(I¢ = 100 pAdc, IE = 0) 


Emitter-Base Breakdown Voltage 
(l—E = 100 wAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 60 Vdc, IE = 0) 


Emitter Cutoff Current 
(VEB = 3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


~ pc Current Gain 
(Ic = 1.5 mAdc, Vce = 10 Vdc) 
















Collector-Emitter Saturation Voltage 
(i¢ = 10 mAdc, Ip = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Crrent-Gain — Bandwidth Product 
(Ic = 1.5 mAdc, Vcg = 10 Vde, f = 100 MHz) 


Collector-Base Capacitance 
(VcB = 10 Vde, f = 1.0 MHz) 


Output Admittance. 
(Ic = 1.5 mAdc, Vcg = 10 Vdc, f =. 1.0 kHz) 


Noise Figure 
(I¢ = 1.5 mAdc, VcE = 10 Vdc, Rg = 50 ohms, f = 1.0 MHz) MPSH04 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MPSHO7A 


CASE 29-04, STYLE 1 

TO-92 (TO-226AA) 
MAXIMUM RATINGS 
Rating 


Collector-Emitter Voltage VCEO Vde 


Collector-Base Voltage VcBO Pe fade oi Vdc 


Emitter-Base Voltage VEBO a Vdc 


SY 


3 Collector 


3.0 
Total Device Dissipation @ Ta = 25°C 350 
Derate above 25°C 2.81 
Operating and Storage Junction Ty, Tstg | —55 to +150 °C 
Temperature Range 


1 Emitter 





.FM/VHF TRANSISTOR 
THERMAL CHARACTERISTICS 


NPN SILICON 
| Characteristic | Symbol | Max | Unit 
Thermal Resistance, Junction to Case RgJc 125 °C/W 





ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 





Characteristic 


OFF CHARACTERISTICS 











Collector-Emitter Breakdown Voltage V(BR)CEO 30 Vde 
(I¢ = 1.0 mAdc, Ig = 0) . 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 100 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(le = 100 wAdc, Ic = 0) | 
Collector Cutoff Current ICBO nAdc 

(VcB = 15 Vdc, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 3.0 mAdc, VcE = 10 Vdc) 


Base-Emitter On Voltage 
(I¢ = 3.0 mAdc, VcgE = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 3.0 mAdc, VcE = 10 Vde, f = 100 MHz) 


Collector-Emitter Capacitance 









(VcE = 10 Vdc, Ip = 0, f = 1.0 MHz, base guarded) 


Noise Figure 
(I¢ = 3.0 mAdc, Vcg = 10 Vde, Rg = 50 Ohms, f = 100 MHz) 


FUNCTIONAL TEST 





Common-Emitter Amplifier Power Gain 
(I¢ = 3.0 mAdc, Vcg = 10 Vde, Rg = 50 Ohms, f = 100 MHz) 


(I¢ = 3.0 mAdc, Vcg = 10 Vdc, Rg = 50 Ohms, f = 200 MHz) 


| Forward AGC Current 
(Gain Reduction = 30 dB, Rs = 50 Ohms, f = 100 MHz) 
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MPSH07A 


AGC CHARACTERISTICS 
10 Vdc, Ro = 50 Ohms, See Figure 9 


ie 


100 MHz -—--—-—f = 200 MHz 
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FIGURE 3 — INPUT ADMITTANCE 


FIGURE 4 — REVERSE TRANSFER ADMITTANCE 
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Ip, COLLECTOR CURRENT (mA) 


% COLLECTOR CURRENT ‘7 


FIGURE 6 — OUTPUT ADMITTANCE 


— FORWARD TRANSFER ADMITTANCE 


FIGURE 5 
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MPSH07A 


FIGURE 7 — COLLECTOR-BASE TIME CONSTANT FIGURE 8 — CURRENT-GAIN BANDWIDTH PRODUCT 
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JOHANSON 
TRIMMER 


1000 pF 


1000 pF 
= OUTPUT 


cae 


OMIT FOR 
200 MHz TEST 
FREQUENCY 
100 MHz — LI— 11 TURNS NO. 16 AWG, 4" 1.D., 
TAPPED % TURNS FROM COLD END. 
200 MHz — L2 — 6 TURNS NO. 16 AWG, %’'1.D., 
TAPPED % TURNS FROM COLD END. 
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MAXIMUM RATINGS 
Symbol 
| Collector-Emitter Voltage || «ceo | oC 
















[oat 







Emitter-Base Voltage VEBO ae 

Total Device Dissipation @ Ta = 25°C mW 
Derate above 25°C mWw/°C 

Total Device Dissipation @ Tc = 25°C 1.0 Watt 
Derate above 25°C | — 8.0 mw/°C 


Operating and Storage Junction TJ, Tstg | —55 to +150 °C 
Temperature Range 


THERMAL CHARACTERISTICS | 


Characteristic 
Thermal Resistance, Junction to Ambient 
Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 












MPSH10* 
MPSH11* 


CASE 29-04, STYLE 2 
TO-92 (TO-226AA) 


ISS 


3 Collector 


2 2 Emitter 


. VHF/UHF TRANSISTORS 
NPN SILICON 


*These are Motorola 
designated preferred devices. 





[~Symbor [Min [Max [Unie | 





OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 1.0 mAdc, ig = 0) 


Collector-Base Breakdown Voltage 
(I¢ = 100 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage 
(Ie = 10 pAde, Ic = 0) 


Collector Cutoff Current 
(VcB = 25 Vde, Ie = 0) © 


Emitter Cutoff Current 
(VEB = 2.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 4.0 mAdc, VcE = 10 Vdc) 


-Collector-Emitter Saturation Voltage 
(I¢ = 4.0 mAdc, Ip = 0.4 mAdc) 


Base-Emitter On Voltage 
(I¢ = 4.0 mAdc, Vce = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(ic = 4.0 mAdc, Vcg = 10 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(Vcp = 10 Vde, Ie = 0, f = 1.0 MHz) 


Common-Base Feedback Capacitance 
(VcB = 10 Vde, Ie = 0, f = 1.0 MHz) 


MPS-H10 
MPS-H11 


Collector Base Time Constant 
(I¢ = 4.0 mAdc, Veg = 10 Vdc, f = 31.8 MHz) 








V 


Vv Mall I Mall 
A ad 
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Yib, INPUT ADMITTANCE (mmhos) 


Yfb, FORWARD TRANSFER ADMITTANCE (mmhos) 


Yrb, REVERSE TRANSFER ADMITTANCE (mmhos) 





MPSH10, MPSH11 


COMMON-BASE y PARAMETERS versus FREQUENCY 
(VcB = 10 Vdc, Ic = 4.0 mAdc, Ta = 259C) 


Yib. INPUT ADMITTANCE 
FIGURE 1 — RECTANGULAR FORM FIGURE 2 — POLAR FORM 
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f, FREQUENCY (MHz) Jib (mmhos) 


COMMON-BASE y PARAMETERS versus FREQUENCY 
(VcB = 10 Vdc, Ic = 4.0 mAdc, Ta = 25°C) 


Yfb, FORWARD TRANSFER ADMITTANCE 
FIGURE 3 — RECTANGULAR FORM 
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Yrb- REVERSE TRANSFER ADMITTANCE 


FIGURE 5 — RECTANGULAR FORM FIGURE 6 — POLAR FORM 








jbrh (mmhos) 





100 200 300 400 500 700 1000 -2.0 -1.6 -1.2 -08 -04 0 0.4 0.8 1.2 16 2.0 
f, FREQUENCY (MHz) Orb (mmhos) 
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- MPSH10, MPSH11 


Yob- OUTPUT ADMITTANCE 


FIGURE 7- RECTANGULAR FORM FIGURE 8 — POLAR FORM 
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MPSH17* 


CASE 29-04, STYLE 2 
TO-92 (TO-226AA) 
MAXIMUM RATINGS 





Collector-Emitter Voltage Vde 
Collector-Base Voltage 
Emitter-Base Voltage 
mW 
Cc 










3 Collector 
1 
Base 
14 
of 
3 


2 Emitter 


Totai Device Dissipation @ Ta = 25°C 350 
Derate above 25°C 2.81 mWw/°C 
Operating and Storage Junction Ty, Tstg | —55 to +150 i 
Temperature Range 


THERMAL CHARACTERISTICS 
| Characteristic | Symbol | Max | Unit _| 
ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 











CATV TRANSISTOR 


NPN SILICON 


*This is a Motorola 
designated preferred device. 









Thermal Resistance, Junction to Ambient RJA 357 
(Printed Circuit Board Mounting) 


[Characters «ym in| Ty Men 


OFF CHARACTERISTICS 











Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(Ic = 1.0 mAdc, Ig = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 100 pAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(le = 10 wAdc, Ic = 0) 

Collector Cutoff Current ICBO nAdc 
(VcB = 15 Vde, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain hFE 
(I¢ = 5.0 mAdc, Voce = 10 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(i¢ = 10 mAdc, Ip = 1.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 5.0 mAdc, Vcge = 10 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(VcB = 10 Vdc, f = 1.0 MHz) 


Small-Signal Current Gain 
(i¢ = 5.0 mAdc, VcE = 10 Vde, f = 1.0 kHz) 


Noise Figure 
(I¢ = 5.0 mAdc, Vcc = 12 Vde, Rg = 50 ohms, f = 200 MHz) 


FUNCTIONAL TEST 
Amplifier Power Gain 


























(I¢ = 5.0 mAdc, Vcc = 12 Vde, Rg = 50 ohms, f = 200 MHz) 
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MPSH20* 


CASE 29-04, STYLE 2 
TO-92 (TO-226AA) 


INS 


MAXIMUM RATINGS 

| Rating | Symbol 

Vde 
| 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
_ Temperature Range 





















3 Collector 












2 Emitter | 


VHF TRANSISTOR 


NPN SILICON | 


*This is a Motorola 
designated preferred device. 


THERMAL CHARACTERISTICS 


Symbol | Max | Unit 
Thermal Resistance, Junction to Ambient R@JA 357 °C/W 


Thermal Resistance, Junction to Case 













ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


characteristic Symbot min [typ [Mex [Unit | 





OFF CHARACTERISTICS 












Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 100 pAdc, Ie = 0) | 

Emitter-Base Breakdown Voltage V(BR)EBO — -Vde 
(l— = 10 pAdc, Ic = 0) 
Collector Cutoff Current ICBO nAdc 

(VcB = 15 Vdc, IE = 0) 


ON CHARACTERISTICS 








DC Current Gain hFE 
(I¢ = 4.0 mAdc, Vce = 10 Vdc) , 


SMALL-SIGNAL CHARACTERISTICS 














Current-Gain — Bandwidth Product fT 620 

(Ic = 4.0 mAdc, Vcf = 10 Vdc, f = 100 MHz) 
Collector-Base Capacitance Cob pF 

(VcB = 10 Vde, le = 0, f = 1.0 MHz) 
Collector Base Time Constant rb’C, 10 
(IE = 4.0 mAdc, Vcp = 10 Vdc, f = 31.8 MHz) 
Gc 


Conversion Gain (213 to 45 MHz) © 
(Ic = 4.0 mAdc, Vcge = 10 Vdc, Oscillator 
Injection = 200 mVdc) . 
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MPSH20 


CONVERSION GAIN CHARACTERISTICS 


(TEST CIRCUIT FIGURE 9) 
FIGURE 1 — VARIATION WITH COLLECTOR CURRENT FIGURE 2 — VARIATION WITH INJECTION LEVEL 


Vce = 10 Vdc 
Oscillator Injection = 200 mV 
fosc = 258 MHz 


tearm | |_| 


fF = 45 MHz 





VCE = 10 Vde 
ic = 4.0 mAdc 
fsig = 213 MHz 

fif = 45 MHz 


BAEREE 





Gpc, CONVERSION GAIN (dB) 
Gpc, CONVERSION GAIN (dB) 


CTA 
LITT ATT 
PLT 


os 
ACRES SERED 








me 
in 
- 
= 
i 
am 
ie 
“5 


pESERL ERS 


Ic, COLLECTOR CURRENT (mAdc) . Vi, OSCILLATION INJECTION (mV) 





COMMON-EMITTER y PARAMETERS 
(Ic = 4.0 mAdc, Vcg = 10 Vdc, Ta = 25°C) 


FIGURE 3 — INPUT ADMITTANCE FIGURE 4 — REVERSE TRANSFER ADMITTANCE 


Yie. INPUT ADMITTANCE (mmhos) 
Yre, REVERSE TRANSFER ADMITTANCE (mmhos) 





f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


COMMON-EMITTER y PARAMETERS 
(Ic = 4.0 mAdc, Vcg = 10 Vde, Ta = 25°C) 












FIGURE 5 — FORWARD TRANSFER ADMITTANCE FIGURE 6 — OUTPUT ADMITTANCE 
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ft, CURRENT-GAIN—BANDWIDTH PRODUCT (MHz) 





MPSH20 


FIGURE 7 — CURRENT -GAIN—BANDWIDTH PRODUCT — 





FIGURE 8 — CAPACITANCES 
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FIGURE 9 — MIXER TEST CIRCUIT 
| fsig = 213 MHz 1.5-15 pF 
Rg=500HMS 7 Ss | | : | L2 0.01 uF fig = 45 MHz 
a te Z a, oe” Ri = 50 OHMS 
ay . 1.0-10 
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fosc = 258 MHz — 
OSCILLATOR INJECTION 


Rs = 50 OHMS 


L1=3 TURNS #18 ENAMELED WIRE, 
1/4" 1.0., AIR WOUND, WINDING LENGTH 1/2”; 
BASE TAPPED 1 TURN FROM GROUND. 


= 10 TURNS #26 INSULATED WIRE, WOUND 
ON 1/4” 1.D. COIL FORM, ARNOLD PART 
NO. Al-10 IRON POWDER CORE. 


rc 
SS 


UO +10 Vde 
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MPSH24 


CASE 29-04, STYLE 2 


MAXIMUM RATINGS TO-92 (TO-226AA) 
Rating 


NS 3 Collector 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


2 Emitter 


VHF TRANSISTOR 


NPN SILICON 





THERMAL CHARACTERISTICS 


[| Characteristic | Symbol | Max | Unit _| 
Thermal Resistance, Junction to Ambient R@JA °C/W 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[SSC havacterstc «YS Symbo mintyMox [Une 


OFF CHARACTERISTICS 









Collector-Emitter Breakdown Voitage V(BR)CEO Vdc 
(Ic = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(ic = 100 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 pAdc, Ic = 0) 

Collector Cutoff Current ICBO nAdc 
(VcB = 15 Vdc, Ig = 0) 

ON CHARACTERISTICS 


DC Current Gain hFE 
(Ic = 8.0 mAdc, Voge = 10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 8.0 mAdc, Vcg = 10 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(VcB = 10 Vdc, Ig = 0, f = 1.0 MHz) 












Conversion Gain 


(213 MHz to 45 MHz) 

(I¢ = 8.0 mAdc, Vcc = 20 Vde, Oscillator Injection = 150 mVrms) 
(60 MHz to 45 MHz) 

(i¢ = 8.0 mAdc, Vcc = 20 Vde, Oscillator Injection = 150 mVrms) 
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MPSH24 


CONVERSION GAIN CHARACTERISTICS 


(TEST CIRCUIT FIGURE 7) 


6.0 MHz) 


50 Ohms, fi¢ = 44 MHz, B.W. 


20 Vdc, Rs 


(Vec 


FIGURE 2 — CONVERSION GAIN versus INJECTION LEVEL 


FIGURE 1 — CONVERSION GAIN versus COLLECTOR CURRENT 
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FIGURE 4 — REVERSE TRANSFER ADMITTANCE 
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FIGURE 6 — OUTPUT ADMITTANCE 


Ic, COLLECTOR CURRENT (mAdc) 


FIGURE 5 — FORWARD TRANSFER ADMITTANCE 
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Ic, COLLECTOR CURRENT (mAdc) 
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MPSH24 


FIGURE 7 — VHF MIXER TEST CIRCUIT 
(fj¢ = 44 MHz, B.W. = 6.0 MHz) 
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MAXIMUM RATINGS 









Rating 


Collector-Emitter Voltage 
Collector-Base Voltage 


Emitter-Base Voltage 








Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 





THERMAL CHARACTERISTICS 


| Characteristic | Symbol _ 


Thermal Resistance, Junction to Ambient R@JA 


Symbol 


Ty, Tstg | —55 to +135 


MPSH34 


CASE 29-04, STYLE 2 
TO-92 (TO-226AA) 


Ss 


3 Collector 





| 2 ee 
‘IF TRANSISTOR 


NPN SILICON 





Refer to MPSH24 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 





OFF CHARACTERISTICS 












Collector-Emitter Breakdown Voltage 
(ic = 1.0 mAde, Ip = 0) 
Collector-Base Breakdown Voltage 
(Ic = 100 wAde, Ip = 0) 
Emitter-Base Breakdown Voltage 
(I— = 10 pAde, Ic = 0) 


Collector Cutoff Current 
(VcB = 30 Vdc, Ig = 0) 


ON CHARACTERISTICS 


DC Current Gain 

(lc = 7.0 mAdc, Vcge = 15 Vdc) 
(I¢ = 20 mAdc, VcE = 2.0 Vdc) 
Collector-Emitter Saturation Voltage 
_ (I¢ = 7.0 mAdc, ip = 2.0 mAdc) 


Base-Emitter On Voltage 
(Ic = 7.0 mAdc, VcE = 15 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


| Current-Gain a Bandwidth Product 
(IC = 15 mAdc, VcgE = 15 Vdc, 










= 100 MHz) 


Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


[| Symbol | Min | typ | Max | unit _| 
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e Designed for UHF/VHF Amplifier Applications 
@® High Current Bandwidth Product 
ff = 2000 MHz @ 10 mAdc 


MPSH69* 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Rating SJ 3 Collector 


Collector-Emitter Voltage VCEO | 15 | 


Collector-Base Voltage VcBO 


Vdc 

Vdc 

Emitter-Base Voltage VEBO Vde 
mW 

°C 


1 Emitter 





Total Device Dissipation @ Ta = 25°C 350 
Derate above 25°C 2.81 mWw/°C 
Operating and Storage Junction Ty, Tstg ~—55 to +150 
Temperature Range 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Ambient ReJA designated preferred device. 


RF AMPLIFIER TRANSISTOR 


_ PNP SILICON 





ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO — 15 Vdc 
(ic = —1.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = —10 wAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = —10 pAdc, Ic = 0) 


Collector Cutoff Current 


(VcB = —10 Vdc, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain hrEe 30 
(l¢ = —10 mAdc, VcfE = —10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = —10 mAdc, VcgE = —10 Vde, f = 100 MHz) 





Collector-Base Capacitance 
(VcE = —10 Vdc, IE = 0, f = 1.0 MHz) 
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MPSH81* 


CASE 29-04, STYLE 2 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


[unit _| 
VcEO 
Collector-Base Voltage 
Emitter-Base Voltage | Vepo | -3.0 | Vde | 
"Cc ; 






















3 Collector 
1 
Base a 
Total Device Dissipation @ Ta = 25°C 350 . 2 Emitter 
Derate above 25°C 2,81 mW/°C 3 


Operating and Storage Junction Ty. Tstg -—55 to +150 RF AMPLIFIER TRANSISTOR 
Temperature Range 


: PNP SILICON 
THERMAL CHARACTERISTICS 


i ferred device. 
Thermal Resistance, Junction to Ambient °C/W designated preferred device 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbot_ | Min | typ | Max | Unit _| 


_ OFF CHARACTERISTICS 





Collector-Emitter Breakdown Voltage 


V(BR)CEO Vde 

(Ic = —1.0 mAdc, Ig = 0) ae 

Collector-Base Breakdown Voltage V(BR)CBO — 20 Vdc 
(ic = —10 wAdc, IE = 0) . 

Emitter-Base Breakdown Voltage V(BR)EBO —3.0 Vdc 
(IE = —10 pAdec, Ic = 0) 

Collector Cutoff Current ICBO nAdc 
(VcB = —10 Vdc, IE = 0) 

Emitter Cutoff Current nAdc 
(VERB = —2.0 Vdc, ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = —5.0 mAdc, VcE = —10 Vdc) 


Collector-Emitter Saturation Voltage 
(I¢ = —5.0 mAdc, Ip = —0.5 mAdc) 


Base-Emitter On Voltage 
(Ic = —5.0 mAdc, VcE = —10 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain aes Bandwidth Product 
(Ic = —5.0 mAdc, VcgE = —10 Vdc, f = 100 MHz) 


Collector-Base Capacitance 















(VcB = —10 Vdc, Ie = 0, f = 1.0 MHz) 


Collector-Emitter Capacitance 
(Ip = 0, VcRB = —10 Vdc, f = 1.0 MHz 
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MPSH81 


25°C, Frequency Points in MHz) 


10 Vdc, Ta = 


TYPICAL COMMON-BASE y-PARAMETERS 


(Vcp 


FIGURE 1 — INPUT ADMITTANCE 


FIGURE 2 — REVERSE TRANSFER ADMITTANCE 


oe Me Se 





Qrb, (mmhos) 


Jib, (mmbhos) 


FIGURE 4 — OUTPUT ADMITTANCE 


FIGURE 3 — FORWARD TRANSFER ADMITTANCE 








(soyww) “93q 


Job, (mmhos) 


Qfb, (mmhos) 


— BANDWIDTH PRODUCT 


FIGURE 5 — CURRENT-GAIN 
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MAXIMUM RATINGS MPSLO1 
| 
| 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
| Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
| Operating and Storage Junction TJ, Tstg 
Temperature Range -_ 
aay | AMPLIFIER TRANSISTOR 
THERMAL CHARACTERISTICS 


Symbol 
Thermal Resistance, Junction to Ambient R@JA 
Thermal Resistance, Junction to Case ReJc 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 
Characteristic 





CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


Ss 3 Collector 





—55 to +150 






1 Emitter 






NPN SILICON 





Refer to 2N5550 for graphs. 


a 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(Ic = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(Ic = 100 wAde, IE = 0) 








Emitter-Base Breakdown Voltage V(BR)EBO 
(Ile = 10 wAde, Ic = 0) 


Collector Cutoff Current IcBo : 
(Vcp = 75 Vde, le = 0) | 

Emitter Cutoff Current | nAdc 
(Veg = 4.0 Vdc, Ic = 0) 

ON CHARACTERISTICS 


DC Current Gain(1) hre 
(i¢ = 10 mAdc, Veg = 5.0 Vdc) . 

Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 10 mAdc, Ip = 1.0 mAdc) 
(Ic = 50 mAdc, Ig = 5.0 mAdc) 


Base-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 
(ic = 50 mAdc, Ip = 5.0 mAdc)(1) 


_ SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(ic = 10 mAdc, VcE = 10 Vdc, f = 20 MHz) 7 





Collector-Base Capacitance 
(Veg = 10 Vde, Ie = 0, f = 1.0 MHz) 


Small-Signal Current Gain 


(I¢ = 1.0 mAdc, VcE = 10 Vde, f = 1.0 kHz) 
(1) Pulse Test: Pulse Width = 300 ys, Duty Cycle = 2.0%. 
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MPSL51 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


a ae 
[Colector Bese Votage ———SS*dt Vc 100 
[200 


Collector Current — Ctoninuous 








SS 3 Collector 





Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 


















Derate above 25°C mWw/°C 
‘ ; ie 2 1 Emitter 
Operating and Storage Junction Ty, Tstg | —55 to +150 C 3 
Temperature Range 





AMPLIFIER TRANSISTOR 
THERMAL CHARACTERISTICS PNP SILICON 


[Characteristic ——=SS«|’ “Symbol | Max 
Thermal Resistance, Junction to Ambient Rg@jA | 200 
Thermal Resistance, Junction to Case RgJc 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(ic = —1.0 mAdc, 1p = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(ic = —100 pAdc, Ie = 0) | 

Emitter-Base Breakdown Voltage V(BR)EBO 
(Ig = —10 Adc, Ic = 0) 

Collector Cutoff Current ICBO 
(VcB = —50 Vdc, Ie = 0) 


Emitter Cutoff Current 


(VEg = —3.0 Vdc, Ic = 0) 
ON CHARACTERISTICS(1) 


DC Current Gain(1) 


(l¢ = —50 mAdc, Vcg = —5.0 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = —10 mAdc, lp = —1.0 mAdc) 
(I¢ = —50 mAdc, Ip = —5.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(Ic = —10 mAdc, lp = —1.0 mAdc) 
(Ic = —50 mAdc, Ip = —5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = —10 mAdc, Vce = —10 Vdc, f = 20 MHz) 


Output Capacitance 
(VcB = —10 Vdc, IE = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(I¢ = —1.0 mAdc, Vce = —10 Vde, f = 1.0 kHz) 


(1) Pulse Test: Pulse Test = 300 ys, Duty Cycle = 2.0%. 







Refer to 2N5400 for graphs. 
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MAXIMUM RATINGS: 


[Rating (|: Symbot Vane [Unie 


Collector-Emitter Voltage VCEO Vdc 
30 
| 40 
VcBO Vdc 
MPSW01 40 
MPSW01A ; 50 


Emitter-Base Voltage | Vepo | 50 | Vde__| 
Collector Current — Continuous. ~ 1000 


Total Device Dissipation @ Ta = 25°C 1.0 Watt 
Derate above 25°C 8.0 mW/°C 
Total Device Dissipation @ Tc = 25°C. . 2.5 Watts 
Derate above 25°C. | 20 mWw/°C 
Operating and Storage Junction Ty, Tstg —55 to + 150 °C 
Temperature Range 










MPSW01, A* 





MPSW01 
MPSW01A 










Collector-Base Voltage 
CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 
















3 Collector 


2 Z 
Base 


1 Emitter 






THERMAL CHARACTERISTICS | ONE WATT 


Characteristic 


HIGH CURRENT TRANSISTORS 


Thermal Resistance, Junction to Ambient 


Therma! Resistance, Junction to Case NPN SILICON 





*MPSWO01A is a Motorola 
designated preferred device. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po Characteristic | Symbot_ | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vde 
(Ic = 10 mAdc, Ip = 0) MPSW01 
MPSW01A 
Collector-Base Breakdown Voltage —_ V(BR)CBO Vdc 
(I¢ = 100 wAdc, IE = 0) MPSW01 
. a MPSW01A 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 wAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 30 Vdc, IE = 0) MPSW01 
(Vcp = 40 Vdc, IE = 0) MPSWO1A 


Emitter Cutoff Current 
(VEB = 3.0 Vdc, Ic = 0) 

ON CHARACTERISTICS(1) 

DC Current Gain 
(I¢ = 10 mAdc, VcE = 1.0 Vdc) 
(i¢ = 100 mAdc, VcE = 1.0 Vdc) 
(i¢ = 1000 mAdc, VcE = 1.0 Vde) 


Collector-Emitter Saturation Voltage VCE(sat) Vde 
(I¢ = 1000 mAdc, Ip = 100 mAdc) 

Base-Emitter On Voltage | VBE(on) 1.2 Vde 
(I¢ = 1000 mAdc, VcE = 1.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product | 
(I¢ = 50 mAdc, Vcg = 10 Vdc, f = 20 MHz) 








Output Capacitance _ 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 





(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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hee, CURRENT GAIN 


V, VOLTAGE (VOLTS) 


fy, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 


MPSW01, A 


FIGURE 1 — DC CURRENT GAIN FIGURE 2 — COLLECTOR SATURATION REGION 
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MPSW01, A 


FIGURE 7 — ACTIVE REGION-SAFE ciolieains 
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MPSW05 
MAXIMUM RATINGS MPSWO06* 


Rating 


Collector-Emitter Voltage 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


3 Collector 


2 
Base 


1 Emitter 





THERMAL CHARACTERISTICS ONE WATT 


a ee ee AMPLIFIER TRANSISTORS 
Thermal Resistance, Junction to Ambient | Raa | 125 | cw si NPN SILICON 
Thermal Resistance, Junction to Case Rejc a eee ee 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 













*This is a Motorola 
designated preferred device. 


Po Characteristic | Symmbot | min | Max | unit | 


OFF CHARACTERISTICS 








Collector-Emitter Breakdown Voltage(1) 
(i¢ = 1.0 mAdc, Ip = 0) MPSW05 
MPSW06 


V(BR)CEO Vde 
ss 












Emitter-Base Breakdown Voltage 
(IE = 100 wAdc, Ic = 0) 
Collector Cutoff Current 

(VcE = 40 Vdc, Ip = 0) MPSW05 
(VcE = 60 Vdc, Ip = 0) MPSW0O6 


Collector Cutoff Current 































“” Te 
ICBO pAdc 
(VcB = 40 Vdc, IE = 0) MPSWO05 0.1 
(VcB = 60 Vdc, Ip = 0) MPSW06 ea 
ON CHARACTERISTICS(1) 
DC Current Gain hrE 
80 
(i¢ = 250 mAdc, VcE = 1.0 Vdc) 60 
Collector-Emitter Saturation Voltage VCE(sat) Vde 
(I¢ = 250 mAdc, Ip = 10 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 


Emitter Cutoff Current 
(VER = 3.0 Vdc, ic = 0) 
(Ic = 50 mAdc, VcE = 1.0 Vdc) 
Base-Emitter Saturation Voltage VBE(sat) Vdc 
(I¢ = 250 mAdc, VcgE = 5.0 Vdc) 
(I¢ = 200 mAdc, VcgE = 5.0 Vde, f = 20 MHz) 


Output Capacitance 
(VcB = 10 V, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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FIGURE 1 — D.C. CURRENT GAIN 
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FIGURE 2 — COLLECTOR SATURATION REGION 
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FIGURE 4 — BASE-EMITTER 
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FIGURE 3 — ON VOLTAGES 
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ft, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 





MPSW05, MPSW06 


FIGURE 6 — CURRENT GAIN - BANDWIDTH PRODUCT FIGURE 7 — ACTIVE REGION - SAFE OPERATING AREA 
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‘MPSW10> 


CASE 29-03, STYLE1 
TO-92 (TO-226AE) 


MAXIMUM RATINGS | 
Rtn dy valve [nie 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C | 
Derate above 25°C. 


Operating and Storage Junction 
Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic 
Thermal Resistance, Junction to Ambient 
Thermal Resistance, Junction to Case 



























3 Collector 


; 
Base 


1 Emitter 








ONE WATT 
HIGH VOLTAGE TRANSISTOR 


NPN SILICON 





Refer to MPSW42 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Pn haracteristic | Symbot | min | Max | Unit 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(I¢ = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 100 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 wAdc, Ic = 0) 

Collector Cutoff Current pAdc 
(Vcp = 200 Vde, IE = 0) 


Emitter Cutoff Current 
(VEB = 6.0 Vdc, Ic = 0) 
ON CHARACTERISTICS(1) 
DC Current Gain 
(Ic = 1.0 mAdc, VcE = 10 Vdc) 
(I¢ = 10 mAdc, VcgE = 10 Vdc) 
(I¢ = 30 mAdc, VcE = 10 Vdc) 
Collector-Emitter Saturation Voltage 
(lc = 30 mAdc, Ig = 3.0 mAdc) 
Base-Emitter On Voltage 
(I¢ = 30 mAdc, VcEe = 10 Vdc) 
. SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, VcE = 20 Vdc, f = 20 MHz) 








Collector-Base Capacitance 
(Veg = 20 Vdc, Ie = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MPSW13 
MPSW14 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


MAXIMUM RATINGS 












Collector 3 


Base 
2 
d 
2 
3 


Emitter 1 


30 
1.0 
8.0 







[Rating ——~—~S*dz;C«S yo | Value | Unt 
Vdc 
Total Device Dissipation @ Ta = 25°C | 
Derate above 25°C mWw/°C 
Temperature Range 
THERMAL CHARACTERISTICS ONE WATT 


Collector-Emitter Voltage VcES | 30s] de 
Collector Current — Continuous 
Total Device Dissipation @ Tc = 25°C Pp 2.5 Watts 
Derate above 25°C 20 mWw/°C 
DARLINGTON TRANSISTORS 





Characteristic Symbol 
Thermal Resistance, Junction to Ambient RgJA 125 


Thermal Resistance, Junction to Case R@Jc 


NPN SILICON 





ELECTRICAL CHARACTERISTICS (Ta, = 25°C unless otherwise noted.) 
fF haracteristic | Symbol | Min | Mex | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 100 wAdc, VBE = 0) 


Emitter Cutoff Current 
(Veg = 10 Vdc, Ic = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(I¢ = 10 mAdc, VcE = 5.0 Vdc) : MPSW13 
MPSW14 


(ic = 100 mAdc, VcE = 5.0 Vdc) MPSW13 
MPSW14 


Collector-Emitter Saturation Voltage 
(I¢ = 100 mAdc, Ip = 0.1 mAdc) 


Base-Emitter On Voltage . 
(ic = 100 mAdc, Vcg = 5.0 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product(2) 








(ic = 10 mAdc, Vcg = 5.0 Vde, f = 100 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) fr = lhfel * ftest- 
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MPSW13, MPSW14 


FIGURE 1 — ACTIVE REGION SAFE OPERATING AREA 












—-—Current Limit 
~~--—Thermal Limit 
Second Breakdown Limit 
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FIGURE 7 — CAPACITANCE 
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MPSW42* 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


MAXIMUM RATINGS 























Collector Current — Continuous 3 Collector 
Total Device Dissipation @ Ta = 25°C | 
Derate above 25°C : 
Total Device Dissipation @ Tc = 25°C Base | 
Derate above 25°C 
Operating and Storage Junction | 1 Emitter 
Temperature Range 
ONE WATT 
THERMAL CHARACTERISTICS HIGH VOLTAGE 
TRANSISTOR 


Thermal Resistance, Junction to Ambient ReJA 


NPN SILICON 





Thermal Resistance, Junction to Case 
*This is a Motorola 
designated preferred device. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


po haracteristic | Symbot | min | Max | Unit 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(ic = 1.0 mAde, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 wAde, Ie = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 100 wAdc, Ic = 0) 

Collector Cutoff Current 


(VcB = 200 Vdc, Ie = 0) 


Emitter Cutoff Current 
(VER = 6.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 





(Ic = 30 mAdc, Vcg = 10 Vdc) 

Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 20 mAdc, Ip = 2.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(i¢ = 20 mAdc, Ip = 2.0 mAdc) 





SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, Vcg = 20 Vdc, f = 20 MHz) 


Collector-Base Capacitance 


DC Current Gain 
(I¢ = 1.0 mAdc, VcgE = 10 Vdc) 
(I¢ = 10 mAdc, Vcg = 10 Vdc) 





(VcB = 20 Vdc, le = 0, f = 1.0 MHz) 
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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hee, DC CURRENT GAIN 


V, VOLTAGE (VOLTS) 


C, CAPACITANCE (pF) 


MPSW42 
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MPSW42 


FIGURE 7 — ACTIVE REGION SAFE OPERATING AREA 
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MAXIMUM RATINGS 


[Rating *dSSybol 
[colsatar Curent — Continues | tc 


Ic 
Total Device Dissipation 
@ Ta = 25°C 1.0 Watt 
Derate above 25°C 8.0 mW/°C 
Pp 
@ Tc = 25°C 2.5 Watts 
Derate above 25°C 20 mWw/°C 
Operating and Storage Junction Ty, Tstg —55 to +150 °C 
Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 








rs 


d 


< 


< 
re) 







Total Device Dissipation 






Thermal Resistance, Junction to Ambient 


Thermal Resistance, Junction to Case 


| Symbol | Max | 
| Rac | 50 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
Characteristic 





OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 100 wAdc, Vee = 0) MPSW45 


MPSW45A 


Collector-Base Breakdown Voltage 
(Ic = 100 »Adc, IE = 0) MPSW45 


MPSW45A 
Emitter-Base Breakdown Voltage 
(IE = 10 wAdc, Ic = 0) 
Collector Cutoff Current 
(VcB = 30 Vdc, IE = 0) 
(VcB = 40 Vdc, ig = 0) 
Emitter Cutoff Current 
(VERB = 10 Vdc, Ic = 0) 
ON CHARACTERISTICS(1) 
DC Current Gain 
(l¢ = 200 mAdc, VcgE = 5.0 Vdc) 


(Ic = 500 mAdc, VcgE = 5.0 Vdc) 
(Ic = 1.0 Ade, VcgE = 5.0 Vdc) 


Collector-Emitter Saturation Voltage 
(Ic = 1.0 Ade, Ig = 2.0 mAdc) 


Base-Emitter Saturation Voltage 
(I¢ = 1.0 Ade, lp = 2.0 mAdc) 


Base-Emitter On Voltage 
(Ic = 1.0 Adc, Vcg = 5.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 200 mAdc, VcgE = 5.0 Vde, f = 100 MHz) 


MPSW45 
MPSW45A 


Collector-Base Capacitance 
(VcB = 10 Vde, Ie = 0, f = 1.0 MHz) 





MPSW45,A* 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


Collector 3 


he 


Emitter 1 


ONE WATT 
DARLINGTON TRANSISTORS 


NPN SILICON 





*MPSW45A is a Motorola 
designated preferred device. 


Refer to 2N6426 for graphs. 


a Pg [-|[*. 


ICBO nAdc 
100 
100 


VCE(sat) 
VBE(sat) 








(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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FETs AND DIODES 








MAXIMUM RATINGS | 


Collector-Emitter Voltage MPSW51 | VCEO 
~MPSW51A 
Collector-Base Voltage | MPSW51 VcBO | 
; MPSW51A ; 


—30 

-40 
Emitter-Base Voltage . VEBO | 50 

1.0 

8.0 

2.5 

20 







-MPSW51,A* 







CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


| Unit 


Collector Current — Continuous 
Watt 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C mWw/°C 
Total Device Dissipation @ Tg = 25°C Watts 
Derate above 25°C mWw/°C 
Operating and Storage Junction TJ, Tstg | —55 to +150 °C 
Temperature Range : 
THERMAL CHARACTERISTICS ONE WATT | 
Characteristic | HIGH CURRENT TRANSISTORS 


Thermal Resistance, Junction to Ambient R@JA 
Thermal Resistance, Junction to Case RgJc | 50 


. %*MPSW51A is a Motorola 
designated preferred device. 


3 Collector 







1 Emitter © 









PNP SILICON 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 














Collector-Emitter Breakdown Voltage(1) 
(I¢ = —1.0 mAdc, IB = 0) | MPSW51 
MPSW51A 


















Collector-Base Breakdown Voltage 


V(BR)CEO Vde 
— 30 
~40 
(Ic = —100 pAde, IE = 0) MPSW51 


V(BR)CBO Vdc 
MPSW51A 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc | 
(IE = —100 pAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = —30 Vdc, IE = 0) MPSW51 
(VcBp = —40 Vdc, Ig = 0) MPSW51A 


Emitter Cuttoff Current 

(VERB = —3.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain 
(Ic = -—10 mAdc, VcE = —1.0 Vde) 
(i¢ = —100 mAdc, VcE = —1.0 Vde) . 
(I¢ = —1000 mAdc, VcE = —1.0 Vdc) 50 


Collector-Emitter Saturation Voltage VCE(sat) —0.7 _ Vde 
(Ic = —1000 mAdc, IRB = —100 mAdc) 

























H 





















(Ic = —1000 mAdc, Veg = —1.0 Vdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = —50 mAdc, VceE = —10 Vdc, f = 20 MHz) 


Output Capacitance 
(VcB = —10 Vdc, IE = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. © 
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hee. CURRENT GAIN 


V, VOLTAGE (VOLTS) 


fy, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 


MPSW51, A 


FIGURE 1 — DC CURRENT GAIN 
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FIGURE 3 — ON VOLTAGES 
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FIGURE 5 — CURRENT GAIN-BANDWIDTH PRODUCT 
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FIGURE 2 — COLLECTOR SATURATION REGION 
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FIGURE 4 — TEMPERATURE COEFFICIENT 
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FIGURE 6 — CAPACITANCE 


C, CAPACITANCE (pF} 
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MPSW51, A 


FIGURE 7 — ACTIVE REGION-SAFE OPERATING AREA 
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MPSW55 
MPSW56* 


MAXIMUM RATINGS 


[Rating | Symbol unit | 
Peo | vas | 
0 
0 
5 
0 


























CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


Tarawa | weswes | 
coletor Bese Voltage —————~*(d Veg | =60 | 80 | Vee | 
[EmiterBese Votige ——=~S~S~wCego | dC | 


V 
V 
V 
Total Device Dissipation @ Ta = 25°C 1. Watt 
Derate above 25°C 8. mW/°C 
Total Device Dissipation @ TE = 25°C 2, Watts 
Derate above 25°C 2 mWw/°C 
Operating and Storage Junction Ty, Tstg —55 to +150 “C 
Temperature Range 
THERMAL CHARACTERISTICS ONE WATT 


| Characteristic symbol | Max |_—_Unit__—| AMPLIFIER TRANSISTORS 
Thermal Resistance, Junction to Ambient R 
PNP SILICON 
Thermal Resistance, Junction to Case RgJc 


3 Collector 


2 
Base 


1 Emitter 











*This is a Motorola 
designated preferred device. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol_| Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vde 
(Ic = —1.0 mAdc, Ip = 0) MPSW55 — 60 
MPSW56 — 80 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = —100 Adc, Ic = 0) 









(VERB = —3.0 Vdc, Ic = 0) 
Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(lc = —250 mAdc, Ip = —10 mAdc) 


Collector Cutoff Current ICEO 
(VcE = —40 Vdc, Ip = MPSW55 
(VcE = —60 Vdc, Ip = MPSW56 

ON CHARACTERISTICS(1) 

DC Current Gain 

Base-Emitter On Voltage VBE(on) —1.2 Vde 
(Ic = —250 mAdc, VcgE = —5.0 Vdc) 

SMALL-SIGNAL CHARACTERISTICS 


Collector Cutoff Current ICBO 
(VcB = —40 Vdc, IF = 0) MPSW55 
(VcB = —60 Vdc, IE = 0) MPSW56 
Emitter Cutoff Current 
hE 
(I¢ = —50 mAdc, VcgE = —1.0 Vdc) 100 
(IC = —250 mAdc, Vcg = —1.0 Vdc) 50 
Current-Gain — Bandwidth Product 
(IC = ~—250 mAdc, VceE = —5.0 Vdc, f = 20 MHz 





Output Capacitance 
(VcB = —10 Vde, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle = 2.0%. 
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MPSW55, MPSW56 


FIGURE 1 — D.C. CURRENT GAIN 
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FIGURE 2— COLLECTOR SATURATION REGION 
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MPSW55, MPSW56 


FIGURE 6 — CURRENT GAIN - BANDWIDTH PRODUCT 


FIGURE 7 — ACTIVE REGION - SAFE OPERATING AREA 
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CASE 29-03, STYLE 1 
-TO-92 (TO-226AE) 
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Collector 3 
Base 
2 
1 
2 
3 


Emitter 1 


ONE WATT 
DARLINGTON TRANSISTORS 


PNP SILICON 








*This is a Motorola 
designated preferred device. 





ON CHARACTERISTICS(1) 











DC Current Gain 
(Ic = —10 mAdc, Vcge = —5.0 Vdc) MPSW63 
MPSW64 







MAXIMUM RATINGS | MPSW63 
Collector-Emitter Voltage -- | VcES | 30 | 
Collector-Base Voltage VcBO | 30 
Collector Current — Continuous | ig = [500 | mAdc 
Total Device Dissipation @ Ta = 25°C — Watt 
mW/°C 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C _ mW/°C 
THERMAL CHARACTERISTICS 
Thermal Resistance, Junction to Case 
ELECTRICAL CHARACTERISTICS T, = 25°C unless otherwise noted.) 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CES —30 Vdc 
(I¢ = —100 pAdc, Ver = 0) 
Emitter Cutoff Current 
(VERB = —10 Vdc, Ic = 0) 
hFE 
5,000 
10,000 
10,000 
MPSW64 20,000 
Collector-Emitter Saturation Voltage VCE(sat) V 
(Ic = —100 mAdc, Ip = —0.1 mAdc) 


a | weswes MPSW64* 
~ Rating Symbol MPSW64 
tor-Emi 
Emitter-Base Voltage . VEBO © 
Derate above 25°C 
Watts 
Operating and Storage Junction Ty, Tstg | —55 to +150 
| Temperature Range 
Thermal Resistance, Junction to Ambient Raja 
po Characteristic | Symbot | Min | Max | Unit 
Collector Cutoff Current ICBO — 100 nAdc 
(VcB = —30 Vdc, IE = 0) 
(Ic = —100 mAdc, VcE = —5.0 Vdc) MPSW63 
de 
Base-Emitter On Voltage VBE(on) Vde 
(I¢ = —100 mAdc, VcgE = —5.0 Vdc) 










(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) fF = {hfel * ftest- 
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MPSW63, MPSW64 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 1 — DC CURRENT GAIN 
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FIGURE 2 — “ON” VOLTAGE FIGURE 3 — COLLECTOR SATURATION REGION 
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C, CAPACITANCE (pF) 


MPSW63, MPSW64 


FIGURE 6 — CAPACITANCE 
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’ FIGURE 7 — ACTIVE REGION, SAFE OPERATING AREA 


ic, COLLECTOR CURRENT (mA) 


— 2k 


om oom Current Limit 
= = = Thermal Limit 
omen Second Breakdown Limit 





Veg. COLLECTOR-EMITTER VOLTAGE (V) 





MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


2-382 


MPSW92* 


CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


MAXIMUM RATINGS 
Rating 


Total Device Dissipation @ Ta = 25°C 


Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 





3 Collector 
J 
Base 
1 : 
1 Emitter 
2 


3 


ONE WATT 
HIGH VOLTAGE 
TRANSISTOR 


PNP SILICON 















Thermal Resistance, Junction to Ambient RgJA 125 
Thermal Resistance, Junction to Case Rg@Jc i 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol | Min | Max | unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO — 300 
(l¢ = —1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO — 300 
(i¢ = -—100 Adc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO —5.0 
(Ie = —100 wAdc, Ic = 0) 

Collector Cutoff Current 
(VcB = —200 Vdc, ig = 0) 


Emitter Cutoff Current L = 4 


(VEB = —3.0 Vdc, Ic = 0) 
ON CHARACTERISTICS(1) 


DC Current Gain 
(IC = —1.0 mAdc, VceE = —10 Vdc) 
(I¢ = —10 mAdc, VcE = ~—10 Vdc) 
(Ic = —30 mAdc, Vce = —10 Vdc) 


Collector-Emitter Saturation Voltage 
(l¢ = —20 mAdc, Ip = ~—2.0 mAdc) 


Base-Emitter Saturation Voltage 
(i¢ = —20 mAdc, Ip = ~2.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = —10 mAdc, VcE = ~—20 Vdc, f = 20 MHz) 





*This is a Motorola 
designated preferred device. 











Collector-Base Capacitance 
(VcB = —20 Vdc, IE = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MPSW92 
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MPSW92 


FIGURE 7 — ACTIVE REGION SAFE OPERATING AREA 
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MSA1022-BT1* 
MSA1022-CT1* 


CASE 318D-03, STYLE 1 


MAXIMUM RATINGS (Ta = 25°C) . ro TeG 


[cotesorBesevotese | voso | |v _| 
[cotecortnitervotage | voco | 20 +f 

Emitter-Base Voltage | | Vepso | 5 | ov | . 
[Coleco Gurent-Contnuous | Io | 30 | mA 


—30 
—20 
—-5 
-—30 
THERMAL CHARACTERISTICS | 
150 














1 
EMITTER 





SC-59 PACKAGE 
PNP RF AMPLIFIER 
TRANSISTORS 
SURFACE MOUNT 






p Po | 200 | 
Parsonevene [PT 





*These are Motorola 
designated preferred devices. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 
(Characteristic = ‘Symbol_—| Conan ——<[—win—_— 
[ease | ao |veeovien® 
[oncoremmrseaaomvew [ceo | _voes@we=8 | 

Emitter-Base Breakdown Voltage | tepo | Vep=8UIc=0 | —10 











DC Current Gain hFE* VCE =—10V, Io =-1 mA 
MSA1022-BT1 
MSA1022-CT1 


VoBp=-10V, l—E=1mA 










Current-Gain — Bandwidth Product 


*Pulse Test: Pulse Width < 300 us, D.C. < 2%. 





DEVICE MARKING 





Marking Symbol 


a 
ECX 





MSA1022-BT1 MSA1022-CT1 


The “X” represents a smaller alpha digit Date Code. The Date Code indicates the actual month in which 
the part was manufactured. 
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MSB709-RT1* 
MSB709-ST1 


CASE 318D-03, STYLE 1 
MAXIMUM RATINGS (Ta = 25°C) 


COLLECTOR 
3 












Collector-Emitter Voltage V(B 
Emitter-Base Voltage V(BR)EBO 


Collector Current-Continuous lc -100 


THERMAL CHARACTERISTICS 
ee 
FE 















SC-59 PACKAGE 
PNP GENERAL PURPOSE 
AMPLIFIER TRANSISTORS 
SURFACE MOUNT 










*This is a Motorola 
designated preferred device. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


Collector-Emitter V(BR)CEO Ic =-2.0 mA, Ip =0 ~25 Vde 
Breakdown Voltage 
Collector-Base V(BR)CBO Io =-10 pA, IE = 0 —25 Vdc 
Breakdown Voltage 
Emitter-Base V(BR)EBO le = -10 pA, IE = 0 —7 7 Vdc 
Breakdown Voltage 
LA 






Collector-Base Cutoff Current ICBO VcB =-20 V, IE =0 we -0.1 
Collector-Emitter ICEO VcE =-10 V, Ip =0 —100 
Cutoff Current 


hFeE1* Voce =-10 V, Ic =-2.0 mA 
MSB709-RT 1 210 340 
MSB709-ST1 290 460 
Collector-Emitter Saturation Voltage I¢ =—-100 mA, Ip = -10 mA fe —0.5 


*Pulse Test: Pulse Width < 300 us, D.C. < 2%. 





DC Current Gain 










DEVICE MARKING 


Marking Symbol 


MSB709-RT1 MSB709-ST1 





The “X” represents a smaller alpha digit Date Code. The Date Code indicates the actual 
month in which the part was manufactured. 
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MSB710-QT1 
MSB710-RT1* 


CASE 318D-03, STYLE 1 


MAXIMUM RATINGS (Ta = 25°C) COLLECTOR 
3 


p Rating | Symbol 
Collector-Base Voltage V(BR)CBO 
Collector-Emitter Voltage V(BR)CEO 

=, Cd 

-1 











Emitter-Base Voltage V(BR)EBO | Vdc 
Collector Current-Peak 


ar ae 
THERMAL CHARACTERISTICS 
[PowerDispaton «dts SCO 


1 
EMITTER 








SC-59 PACKAGE 
PNP GENERAL PURPOSE. 
AMPLIFIER TRANSISTORS 
SURFACE MOUNT 





*This is a Motorola 
designated preferred device. 


ELECTRICAL CHARACTERISTICS (Ta, = 25°C) 


[Characteristic |= Symbol_—(|——Conation—_—«s 
Collector-Emitter V(BR)CEO ~ Ice =-10 mA, Ip =0 -25 
Breakdown Voltage 
Collector-Base V(BR)CBO . saat = -30 
Breakdown Voltage CES e 

b 


Emitter-Base V(BR)EB eae = -7 
Breakdown Voltage iS uA Gee 
Collector-Base Cutoff Current ICBO Vos = ~20 V, Ile =0 eee ee ae 


DC Current Gain hFe1* VCE =-10 V, Ico =-150 mA 
MSB710-QT1 
MSB710-RT1 


NFEo* VCE = —-10 V, Ic = 500 mA 
Collector-Emitter Saturation Voltage VCE(sat Ic = -300 mA, Ip = -30 mA 
Collector-Base Saturation Voltage Ic = -300 mA, Ip =-30 mA 


Output Capacitance Co Vcop=-10V, IE =0, 
f= 1.0 MHz 


“Pulse Test: Pulse Width < 300 ps, D.C. < 2%. 





DEVICE MARKING 


Marking Symbol 


MSB710-QT1 MSB710-RT1 





The “X” represents a smaller alpha digit Date Code. The Date Code indicates the actual month in 
which the part was manufactured. 
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MSC1621T1* 


CASE 318D-03, STYLE 1 


COLLECTOR 
3 


MAXIMUM RATINGS (Ta = 25°C) 


Collector-Base Voltage VCBO 


Collector-Emitter Voltage 1 


EMITTER 
Emitter-Base Voltage 


SC-59 PACKAGE 
NPN SWITCHING 


pRating TRANSISTOR 
SURFACE MOUNT 


*This is a Motorola 
Storage Temperature Range designated preferred device. 


Collector Cutoff Current Vos = 30 V, IE =0 


Emitter Base Cutoff Current Vep=4.0V, Ic =0 
DC Current Gain hFE* Voce =0.5V, IG =1mA 40 





Collector-Emitter Saturation Voltage VCE(sat I¢ = 10 mA, Ip = 1.0 mA 
Base-Emitter Saturation Voltage VBE(sat Ic = 10 mA, Ip =1.0mMA ee ee ee ee 
Current-Gain — Bandwidth Product T VcE=10V,lE=-10mA | 200 | — | MHz | 


f 
Output Capacitance Cob VcoB = 10 V, IE =0, 
ton 


f = 1.0 MHz 


Storage Temperature Range I¢ = 10 mA in 
Equivalent 
Test Circuit 





Turn Off Time 


*Pulse Test: Pulse Width < 300 us, D.C. < 2%. 


ton; toff EQUIVALENT TEST CIRCUIT Tstg EQUIVALENT TEST CIRCUIT 


2202 0.1 uF A 
Vout g90Q OFMFIKQ 
out 


Vin 91 HF) 500.0 Zin = 50 Q 





10% 





90% 


Vout 90% Vout 
ton loft 
VeB=-3V Vep=+12V 





DEVICE MARKING 


Marking Symbol The “X” represents a smaller alpha digit Date Code. The Date Code 
indicates the actual month in which the part was manufactured. 
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MSC2295-BT1* 
MSC2295-CT1* 


CASE 318D-03, STYLE 1 


COLLECTOR 
3 


MAXIMUM RATINGS (Ta = 25°C) 
Collector-Base Voltage V(BR)CBO Vdc 
Emitter-Base Voltage V(BR)EBO 

| mW 
°C 
°C 


















EMITTER 





20 
Collector Current-Continuous 

THERMAL CHARACTERISTICS 

| Rating | Symbot | Max 

[Powerbismaten Sits) 






SC-59 PACKAGE 
NPN RF AMPLIFIER 
TRANSISTORS 
SURFACE MOUNT 






Storage Temperature _55 ~ + 150 





*These are Motorola 
designated preferred devices. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


Collector-Base Cutoff Current ICBO VoB =10V, IE =0 


DC Current Gain hFE* Vop = 10V, IE =—-1 mA 
i MSC2295-BT1 70 140 
. MSC2295-CT 1 110 220 


Collector-Gain — Bandwidth Product | fr | Vgg=10V, Ie =-1 ma 150 PL MHz 


fT 
Reverse Transistor Capacitance Cre VCE = 10 V, Io = 1 mA, 1.5 pF 
f = 10.7 MHz 


*Pulse Test: Pulse Width < 300 us, D.C. < 2%. 





















DEVICE MARKING 


Marking Symbol 


a 
a 


MSC2295-BT1 MSC2295-CT1 





The “X” represents a smaller alpha digit Date Code. The Date Code indicates the actual month in 
which the part was manufactured. 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


2-390 


MSC2404-CT1* 


CASE 318D-03, STYLE 1 


COLLECTOR 


MAXIMUM RATINGS (Ta = 25°C) : 


Symbol 
Collector-Emitter Voltage V(BR)CEO 20 


Emitter-Base Voltage V(BR)EBO 


1 
EMITTER 


SC-59 PACKAGE 
NPN RF AMPLIFIER 
TRANSISTOR 
SURFACE MOUNT 


Storage Temperature Range Tstg Jeri g ABO 





*This is a Motorola 
designated preferred device. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 
Collector-Base Breakdown Voltage V(BR)CBO 
le 


Pin | Max | unit 
Collector Emitter Breakdown Voltage | Vere80 | igstousiczo =| 8 |e 
ee 
eacelemanestiecas! 











Current-Gain — Bandwidth Product VoB =6 V, IE =-1 mA 


Reverse Transfer Capacitance VcE =6V, Ic = 1 mA, 


f = 10.7 MHz 


*Pulse Test: Pulse Width < 300 us, D.C. < 2%. 


DEVICE MARKING 


cs 
Marking Symbol U CX 





The “X” represents a smaller alpha digit Date Code. The Date Code indicates 
the actual month in which the part was manufactured. 
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MSC3130T1* 


CASE 318D-03, STYLE 1 


COLLECTOR 
MAXIMUM RATINGS (Ta = 25°C) . 


Collector-Emitter Voltage VCEO 
Emitter-Base Voltage VEBO 
Collector Current-Continuous 


THERMAL CHARACTERISTICS 





EMITTER 


SC-59 PACKAGE 
NPN RF AMPLIFIER 
TRANSISTOR 
SURFACE MOUNT 





*This is a Motorola 
designated preferred device. 





Current-Gain — Bandwidth Product fT 


*Pulse Test: Pulse Width < 300 us, D.C. < 2%. 





DEVICE MARKING 


Marking Symbol! 





The “X” represents a smaller alpha digit Date Code. The Date Code 
indicates the actual month in which the part was manufactured. 
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MSD601-RT1* 
MSD601-ST1 


CASE 318D-03, STYLE 1 


MAXIMUM RATINGS (Ta = 25°C) COLLECTOR 


Rating Symbol 
Collector-Base Voltage V(BR)CBO 
Collector-Emitter Voltage V(BR)CEO 
( 


3 


BR) 
Emitter-Base Voltage V(BR)EBO 


Collector Current-Continuous Ic 


Collector Current-Peak 


THERMAL CHARACTERISTICS 





1 
EMITTER 

















SC-59 PACKAGE 
NPN GENERAL PURPOSE 
AMPLIFIER TRANSISTORS 
SURFACE MOUNT 


[200 [aw 
a aoe 
°C 


Power Dissipation 200 
150 


Junction Temperature 
Storage Temperature 





*This is a Motorola 
designated preferred device. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C 


Characteristic | Symbot— | Condition | Min | Max | Unit 


Collector-Emitter CEO Ic =2.0 mA, Ip =0 25 : Vde 
Breakdown Voltage 












) 
V(BR) 
Collector-Base V(BR)CBO Io = 10 pA, Ip =0 30 Vdc 
Breakdown Voltage 
Emitter-Base V(BR)EBO le =10 pA, Ic =0 7 Vde 
Breakdown Voltage 
Collector-Base Cutoff Current ICBO VcB = 20 V, IE =0 a eae ae 


Collector-Emitter ICEO VCE =10V, Ip =0 100 uA 
Cutoff Current 
DC Current Gain hFE1* VcE =10V, Ic =2.0 mA 
, MSD601-RT1 210 340 
MSD601-ST1 290 460 


Collector-Emitter Saturation Voltage VCE(sat Ic = 100 mA, Ip = 10 mA i see oll 


*Pulse Test: Pulse Width < 300 us, D.C. < 2%. 







DEVICE MARKING 


Marking Symbol 


E 
YR* 





MSD601-RT1 MSD601-ST1 





The “X” represents a smaller alpha digit Date Code. The Date Code indicates the actual 
month in which the part was manufactured. 
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MSD602-RT1* 


CASE 318D-03, STYLE 1 


MAXIMUM RATINGS (Ta = 25°C) COLLECTOR 


V(BR 
VE( 








Collector-Emitter Voltage )CEO = ae 
Emitter-Base Voltage BR)BO a ae 


s 
25 
Fé 
| 
200 
150 


1 
EMITTER 





THERMAL CHARACTERISTICS 


Rowe Baapaion |i 
| Storage Temperature Range Tstg 55 ~ + 150 










SC-59 PACKAGE 
NPN GENERAL PURPOSE 
AMPLIFIER TRANSISTOR 

SURFACE MOUNT 






*This is a Motorola 
designated preferred device. 


_ ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


Collector-Emitter Breakdown Voltage R)CEO Ic = 10 mA, Ip =0 
R 


| | Min | Max | unit 
= ee ee 
[eansrseesensovene | vance | tetomreno | 9 | =| 
[enterssesencnnioe | vones0 | ietomarcno | 7 [| =| 
[eaeamseecamrcnes | oo | vee-mviens | 
[ef ae id 
ee ae ee 
ee ee 
ae ae 










DC Current Gain heE1* VCE = 10 V, Ico = 150 mA 
Collector-Emitter Saturation Voltage VCE(sat) Ic = 300 mA, Ip = 30 mA 


Cob VcB = 10 V, IE = 0, 
; f= 1 MHz 


Output Capacitance 





*Pulse Test: Pulse Width < 300 pis, D.C. < 2%. 


DEVICE MARKING 


a 
Marking Symbol W RX 
ee ik 


The “X” represents a smaller alpha digit Date Code. The Date Code indicate 
the actual month in which the part was manufactured. 
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MSD1328-RT1* 


CASE 318D-03, STYLE 1 


MAXIMUM RATINGS (Ta = 25°C) COLLECTOR 


[—symbot [vee [ont 
Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage Vdc 


Collector Current-Continuous Io 500 mAdc 


Collector Current-Peak 1000 


THERMAL CHARACTERISTICS 


[Rating S| Sombcl | e| 
[FoverDaspaion «team 

























1 
EMITTER 






SC-59 PACKAGE 
NPN LOW VOLTAGE 
OUTPUT AMPLIFIER 

SURFACE MOUNT 





*This is a Motorola 
designated preferred device. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 













Collector-Emitter Breakdown Voltage V(BR)CEO Ic = 1.0 mA, Ip =0 BG ee | 
Collector-Base Breakdown Voltage V(BR)CBO Io = 10 pA, Ig =0 ek Vdc 
Emitter-Base Breakdown Voltage V(BR)EBO le = 10yA, Ip =0 ae Vdc 


[eatcrsaseGuntcinon | to | vewezswieso Oa 
Collector-Emitter Saturation Voltage VCE(sat) | I¢=500mA,Ip=20mA | — | 
Base—Emitter Saturation Voltage | Vpe(saty | Ic=500mAIg=50mA | — | 


“Pulse Test: Pulse Width < 300 ps, D.C. < 2%. 


DEVICE MARKING 


Bi 
Marking Symbol 1 Dd RX 





The “X” represents a smaller alpha digit Date Code. The Date Code 
indicates the actual month in which the part was manufactured. 
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This new series of digital transistors is designed to replace a single device 
and its external resistor bias network. The BRT (Bias Resistor Transistor) 


contains a single transistor with a monolithic bias network consisting of two 


resistors; a series base resistor and a base-emitter resistor. The BRT elimi- 
nates these individual components by integrating them into a single device. 
The use of a BRT can reduce both system cost and board space. The device 
is housed in the SC-59 package which is designed for low power surface 
mount applications. 


@ Simplifies Circuit Design 
@ Reduces Board Space 
@ Reduces Component Count 


@ Power dissipation of 200 milliwatts on standard FR5/G10 glass epoxy 
printed circuit board and up to 400 milliwatts on ceramic or Thermal Clad 
substrates using recommended footprint 


@ The SC-59 package can be soldered using wave or reflow. The modified 
gull-winged leads absorb thermal stress during soldering eliminating the 
possibility of damage to the die. 


MAXIMUM RATINGS (Ta, = 25°C unless otherwise noted) 


Collector-Base Voltage 


lue 
50 


Collector-Emitter Voltage 


200* mW 
1.6 mWwW/°C 


625 oC/W 
Operating and Storage Temperature Range 


DEVICE MARKING 


MUN2111T1 = 6A; MUN2112T1 = 6B; MUN2113T1 = 63 


* Device mounted on a glass epoxy printed circuit board using the minimum recommended 
footprint as shown in Section 8. 








ELECTRICAL CHARACTERISTICS (Ta, = 25°C unless otherwise noted) 


OFF CHARACTERISTICS 











Collector-Base Cutoff Current (Vcp = 50 V, IE = 0) 
Collector-Emitter Cutoff Voltage (VCE = 50 V, Ip = 0) 


Emitter-Base Cutoff Current MUN2111 
(VEB =6.0 V, Ic = 0) MUN2112 
MUN2113 





V(BR)CEO 


Collector-Emitter Breakdown Voltage* (Ic = 2.0 mA, Ip = 0) 





ON CHARACTERISTICS* 


DC Current Gain MUN2111 
(VCE = 10 V, Ic = 5.0 mA) MUN2112 
MUN2113 


Collector-Emitter Saturation Voltage 
(Ic = 10 mA, Ig = 3.0 mA) 
Input Voltage (on) 


(Voc = 5.0 V, Vp = 2.5 V, RE = 1.0 kQ) MUN2111 
MUN2112 


(Vcc = 5.0 V, Vg =3.5 V, Ry = 1.0 kQ) MUN2113 


Input Voltage (off) (Voc = 5.0 V, Vg = 0.5 V, RL = 1.0 kQ) 


Input Resistor MUN2111 
MUN2112 
MUN2113 


Resistor Ratio 


* Pulse Test: Pulse Width < 300 us. Duty Cycle < 2.0%. 
Note: “T1" must be used when ordering SC-59 devices. 








Collector-Base Breakdown Voltage (Ic = 10 A, IE = 0) V(BR)CBO 


MUN2111T1* 
MUN2112T1* 
MUN2113T1* 


CASE 318D-03, STYLE 1 
(SC-59) 


PIN3 ¢ 


>? (OUT) 
E 
PIN 7 (GND) 


BIAS RESISTOR 
TRANSISTORS 


PNP SILICON 





*xThese are Motorola 
designated preferred devices. 
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MUN2111T1, MUN2112T1, MUN2113T1 


TYPICAL ELECTRICAL CHARACTERISTICS — MUN2111T1 
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Figure 2. VCE(sat) versus Ic 


Figure 1. Derating Curve 


Vp, REVERSE BIAS VOLTAGE (VOLTS) 
Figure 4. Output Capacitance 
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Figure 5. Output Current versus Input Voltage 


Figure 6. Input Voltage versus Output Current 
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MUN2111T1, MUN2112T1, MUN2113T1 


TYPICAL ELECTRICAL CHARACTERISTICS — MUN2112T1 
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Figure 7. VCE(sat) versus Ic 
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Figure 10. Output Current versus Input Voltage 


- Figure 9. Output Capacitance 
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Figure 11. Input Voltage versus Output Current 
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MUN2111T1, MUN2112T1, MUN2113T1 


TYPICAL ELECTRICAL CHARACTERISTICS — MUN2113T1 
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Figure 12. VCE(sat) versus Ic 
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Figure 15. Output Current versus Input Voltage 


Figure 14. Output Capacitance 
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Figure 16. Input Voltage versus Output Current 
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This new series of digital transistors is designed to replace a single device. 
and its internal resistor bias network. The BRT (Bias Resistor Transistor) 
contains a single transistor with a monolithic bias network consisting of two 
resistors; a series base resistor and a base-emitter resistor. The BRT elimi- 
nates these individual components by integrating them into a single device. 
The use of a BRT can reduce both system cost and board space. The device 
is housed in the SC-59 package which is designed for low power surface 
mount applications. 


@ Simplifies Circuit Design 
@ Reduces Board Space _ 
@ Reduces Component Count 


@ Power dissipation of 200 milliwatts on standard FR5/G10 glass epoxy 
printed circuit board and-up to 400 milliwatts on ceramic or Thermal Clad 
substrates using recommended footprint 


@ The SC-59 package can be soldered using wave or reflow. The modified 
gull-winged leads absorb thermal stress during soldering eliminating the 












MUN2211T1* 
MUN2212T1* 
MUN2213T1* 


CASE 318D-03, STYLE 1 
(SC-59) 











“PINS ¢ 
(OUT) 






E 


possibility of damage to the die. | pin 7 (GND) 
MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) BIAS RESISTOR 
TRANSISTORS 


NPN SILICON 


aia) che ; *These are Motorola 
Tole) Powel DieSPalONe Na ee en: -& “Sh designated preferred devices. 
Derate above 25°C : . 





DEVICE MARKING | | 
MUN2211T1 = 8A; MUN2212T1 = 8B; MUN2213T1 = 8C 


* Device mounted on a glass epoxy printed circuit board using the minimum recommended 
footprint as shown in Section 8. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 




















OFF CHARACTERISTICS | 
Emitter-Base Cutoff Current MUN2211 
(VEB = 6.0 V, Ic = 0) MUN2212 
MUN2213 
Collector-Base Breakdown Voltage (Io = 10 pA, Ie = 0) BVCBO a ae 
Collector-Emitter Breakdown Voltage* (Ic = 2.0 mA, IB = 0) BVCEO ee ae eee a ae 
ON CHARACTERISTICS* 
DC Current Gain MUN2211 | 7 
(VCE = 10 V, Ic = 5.0 mA) MUN2212 
MUN2213 
Collector-Emitter Saturation Voltage 
(Ic = 10 mA, Ip = 0.3 mA) 
Input Voltage (ON) 
(Vcc = 5.0 V, VB = 2.5 V, Rr = 1.0 kQ) MUN2211 
MUN2212 
(Vcc = 5.0 V, VB = 3.5 V, RL = 1.0 kQ) MUN2213 


Input Resistor MUN2211 
MUN2212 
MUN2213 


Resistor Ratio 


* Pulse Test: Pulse Width < 300 us. Duty Cycle < 2.0%. 
Note: “T1”’ must be used when ordering SC-59 devices. 
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MUN2211T1, MUN2212T1, MUN2213T1 


TYPICAL ELECTRICAL CHARACTERISTICS — MUN2211T1 
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Figure 1. Derating Curve 
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Figure 3. DC Current Gain 
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Figure 6. Input Voltage versus Output Current 


Figure 5. Output Current versus Input Voltage 
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MUN2211T1, MUN2212T1, MUN2213T1 


TYPICAL ELECTRICAL CHARACTERISTICS — MUN2212T1 
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Figure 8. DC Current Gain 
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Figure 10. Output Current versus Input Voltage 


Figure 9. Output Capacitance 
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Figure 11. Input Voltage versus Output Current 
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MUN2211T1, MUN2212T1, MUN2213T1 
TYPICAL ELECTRICAL CHARACTERISTICS — MUN2213T1 
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Figure 16. Input Voltage versus Output Current 
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PBF259, S$ 


MAXIMUM RATINGS | 7 CASE 29-04, STYLE 1 


Rating PBF259, S TO e ATO eeene 
Collector-Emitter Voltage VCEO | 300 =| de | 












300 Vdc 

Collector-Base Voltage A 
Emitter-Base Voltage | 
Collector Current — Continuous | =500 =| made | 
1.5 
12 


Total Device Dissipation @ Ta = 25°C 625 Watt 

Derate above 25°C mW /°C 

Total Device Dissipation @ Tc = 25°C Watt 
mW /°C 


Derate above 25°C 


Operating and Storage Junction 
Temperature Range 
THERMAL CHARACTERISTICS 


_ & Refer to MPSA42 for graphs. 


SS) 


3 Collector 


















1 Emitter 





HIGH VOLTAGE TRANSISTORS 


NPN SILICON 









ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol | Min | Max | Unit _| 


OFF CHARACTERISTICS | 
Collector-Emitter Breakdown Voltage (1) V(BR)CEO 
(Ic = 1.0 mAdc, Ip = 0) ) 
Collector-Base Breakdown Voltage V(BR)CBO 
(i¢ = 10 wAdc, IE = 0) . 
Emitter-Base Breakdown Voltage . | -V(BR)EBO 
(IE = 100 wAdc, Ic = 0) 
Collector Cutoff Current ICBO 
(VcB = 250 Vdc, Ig = 0) | 












Emitter Cutoff Current 
(VERB = 3.0 V) 

Collector Cutoff Current ICEO 
(VcE = 10 V) 


ON CHARACTERISTICS (1) 


DC Current Gain ms 
(I¢ = 20 mAdc, VcgE = 10 Vdc) PBF259S 
(ic = 1.0 mAdc, Vcg = 10 Vdc) All Types 
(I¢ = 30 mAdc, VcE = 10 Vdc) All Types 


Collector-Emitter Saturation Voltage 
(Ic = 30 mAdc, Ip = 1.5 mAdc) 
(I¢ = 30 mAdc, Ig = 60 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain Bandwidth Product 
(Ic = 10 mAdc, VcE = 10 Vde, f = 20 MHz) 










Output Capacitance 
(VcB = 20 Vdc, Ig = 0, f = 1.0 MHz) 
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PBF259RS 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO 300 
1.5 










CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 





Collector-Base Voltage VCBO c 
Ww 






Collector Current — Continuous yy | 1 Collector 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C Pp 
Derate above 25°C 


Operating and Storage Junction Ty, Tstg 
Temperature Range 


1 
THERMAL CHARACTERISTICS 


2 

















3 Emitter 





HIGH VOLTAGE TRANSISTORS 


NPN SILICON 


Thermal Resistance, Junction to Ambient RgJA | 200 | cw 
Thermal Resistance, Junction to Case Rg@Jc 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
| Characteristic | Symbot | min | Max [unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
(Ic = 3.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage 
(Ic = 10 wAdc, Ie = 0) 


Emitter-Base Breakdown Voltage 
(IE = 100 wAdc, Ic = 0) 





Refer to MPSAQZ2 for graphs. 


Collector Cutoff Current 
(VcE = 10 V) 


ON CHARACTERISTICS (1) 












DC Current Gain 

(I¢ = 20 mAdc, Vcg = 10 Vdc) 
(Ic = 1.0 mAdc, Vcf = 10 Vdc) 
(I¢ = 30 mAdc, VcE = 10 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) Vde 
(I¢ = 30 mAdc, Ip = 1.5 mAdc) 0.5 
(I¢ = 30 mAdc, IRB = 60 mAdc) 1.0 
Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 20 mA, Ip = 2.0 mA) 


SMALL-SIGNAL CHARACTERISTICS | 
Current-Gain Bandwidth Product fT 

(ic = 10 mAdc, VcE = 10 Vde, f = 20 MHz) 
Output Capacitance Cobo 

(Vcg = 20 Vdc, IE = 0, f = 1.0 MHz) 
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PBF493, S 


MAXIMUM RATINGS 


(tating Sot [Vaio at | 
TemittorSase Voltage —~SS~*wrSCS eg Y 8 | 
[Golector Curent — Continuous | Ie | 800) made | 


Total Device Dissipation @ Ta = 25°C 625 mw 
5.0 mw/°C 


Derate above 25°C [oS 
Total Device Dissipation @ Tc = 25°C Watt 
Derate above 25°C mW/°C 
Operating and Storage Junction TJ, Tstg | —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 
Characteristic 


Thermal Resistance, Junction to Ambient R@JA 
Thermal Resistance, Junction to Case — R@Jc 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


















SS 3 Collector 





1 Emitter 






HIGH VOLTAGE TRANSISTORS 


PNP SILICON 





Refer to MPSAQ2 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| Min | Max | unit | 


OFF CHARACTERISTICS 
Coliector-Emitter Breakdown Voltage(1) V(BR)CEO — 300 
(Ic = —1.0 mAdc, Ig = 0) 
| Collector-Base Breakdown Voltage V(BR)CBO 
(ic = —10 pAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = —100 Adc, Ic = 0) 
Collector Cutoff Current ICBO 
(VcB = —200 Vdc, IE = 0) 
Emitter Cutoff Current Pe | 


(VERB = —3.0 V) 


Collector Cutoff Current 
(VcE = —10V) 
ON CHARACTERISTICS(1) 
DC Current Gain 
= —0.1 mAdc, Vcg = —1.0 Vdc) PBF493S 
= —1.0 mAdc, Vcfe = —10 Vdc) All Types 
-30 mAdc, VcgE = —10 Vdc) All Types 


Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = —20 mAdc, Ig = —2.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = —20 mAdc, Ip = —2.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = —10 mAdc, VcE = —20 Vdc, f = 20 MHz) 








Output Capacitance 
(VcB = —20 Vdc, Ie = 0, f = 1.0 MHz) 
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PBF493R, RS 


MAXIMUM RATINGS 


Rating 
Collector-Emitter Voltage — 300 
Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current — Continuous 


CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 


QY 1 Collector 


Total Device Dissipation @ Ta = 25°C Pp 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 





3 Emitter 











HIGH VOLTAGE TRANSISTORS 


PNP SILICON 


Thermal Resistance, Junction to Ambient R@JA 
Thermal Resistance, Junction to Case R@JC 





Refer to MPSA42 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(2) 
(Ic = —1.0 mAdc, IB = 0) 
Collector-Base Breakdown Voltage 
(Ic = —10 pAdc, Ie = 0) 
Emitter-Base Breakdown Voltage 
(IE = —100 Adc, Ic = 0) 
Collector Cutoff Current 
(VcB = —200 Vdc, IE = 0) 
Emitter Cutoff Current 
(VER = —3.0 V) 
Collector Cutoff Current 
(VcE = —10 Vdc ) 
ON CHARACTERISTICS 
DC Current Gain 
(I¢ = —0.1 mAdc, Vcg = —71.0 Vdc) PBF493RS 


(I¢ = —1.0 mAdc, Vcg = — 10 Vdc) All Types 
(lc = —30 mAde, VcfE = —10 Vdc) All Types 


Collector-Emitter Saturation Voltage 
(I¢ = —20 mAdc, IR = —2.0 mAdc) 


Base-Emitter Saturation Voltage 
(I¢ = —20 mAdc, IR = —2.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = —10 mAdc, Vcg = —20 Vdc, f = 20 MHz) 


Output Capacitance 
(VcB = —20 Vdc, IE = 0, f = 1.0 MHz) 
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MAXIMUM RATINGS: 








CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 









Collector-Emitter Voltage VCEO | 40 Vde 

Collector-Base Voltage VcBO Vde 
Emitter-Base Voltage VEBO | 60 Vdc Ss, 

; 1 Collector 

Collector Current — Continuous | 600s] mAde 

WwW 


5 
Total Device Dissipation @ Ta = 25°C 625 m 
Derate above 25°C | 5.0 mW/°C 
Total Device Dissipation @ Tc = 25°C 1.5 Watts 
12 mWw/°C 





Derate above 25°C 


Temperature Range 
THERMAL CHARACTERISTICS 


3 Emitter 






AMPLIFIER TRANSISTORS 


NPN SILICON 





Refer to MPS2222 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 

(I¢ = 10 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage 

(Ic = 10 pAdc, IE = 0) 
Emitter-Base Breakdown Voltage 

(IE = 10 pAdc, Ic = 0) 
Collector Cutoff Current 

(VcE = 60 Vde, VeBioff) = 3.0 Vdc) 
Collector Cutoff Current 

(VcB = 60 Vdc, Ie = 0) 

(VcB = 60 Vdc, Ie = 0, Ta = 150°C) 
Emitter Cutoff Current 

(VERB = 3.0 Vde, Ic = 0) 


Collector Cutoff Current 
(VcE = 10 V) 


Base Cutoff Current 
(VcE = 60 Vdc, VEB(off) = 3.0 Vdc) 


ON CHARACTERISTICS 


DC Current Gain hrE 
(i¢ = 0.1 mAdc, VcE = 10 Vdc) © 
(I¢ = 1.0 mAdc, Veg = 10 Vdc) | 
(ic = 10 mAdc, VcE = 10 Vdc) | 
(Ic = 10 mAdc, Vcg = 10 Vde, Ta = —55°C) 
(i¢ = 150 mAdc, VcE = 10 Vdc)(1) 
(lc = 150 mAdc, VcE = 1.0 Vde)(1) , 
(I¢ = 500 mAdc, Vcg = 10 Vdc)(1) 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(Ic = 150 mAdc, Ip = 15 mAdc) 
(I¢ = 500 mAdc, Ip = 50 mAdc) 

Base-Emitter Saturation Voltage(1) VBE(sat) 
(Ic = 150 mAdc, Ip = 15 mAdc) 
(I¢ = 500 mAdc, Ip = 50 mAdc) 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol_| Min | Max | Unit 


SMALL-SIGNAL CHARACTERISTICS 
Current Gain — Bandwidth Product(2) 
(I¢ = 20 mAdc, Veg = 20 Vdc, f = 100 MHz) 
Output Capacitance Cobo 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 
Input Capacitance Cibo 25 
(Veg = 0.5 Vde, Ic = 0, f = 1.0 MHz) 


Input Impedance 
(I¢ = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 
(Ic = 10 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 


Voltage Feedback Ratio 
(I¢ = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 
(Ic = 10 mAdc, VcgE = 10 Vde, f = 1.0 kHz) 


Small-Signal Current Gain 
(Ic = 1.0 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) 
(I¢ = 10 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 
Output Admittance 


(i¢ = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 
(I¢ = 10 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 













EEL 
nN 



































Collector Base Time Constant rb’C> 
(l—E = 20 mAdc, Vcpg = 20 Vdc, f = 31.8 MHz) 










Noise Figure (Ic = 100 wAdc, 
VceE = 10 Vdc, Rg = 1.0 kO, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 


Delay Time (Vcc = 30 Vdc, VgE(off) = —2-0 V, | | 
Ic = 150 mAde, Iq = 15 mAde) (Figure 1) | 


(Vcc = 30 Vdc, I = 150 mAde, 
Fall Time IB1 = Ip2 = 15 mAdc) (Figure 2) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle S 2.0%. (2) ft is defined as the frequency at which thfe! extrapolates to unity. - 





SWITCHING TIME EQUIVALENT TEST CIRCUITS 










FIGURE 1 — TURN-ON TIME FIGURE 2 — TURN-OFF TIME 
+30 V +30 V 
-| le 1.0 to 100 us, DUTY | |-- 1.0 to 100 us, DUTY 

209 CYCLE = 2% 400 

+16V CYCLE ™ 2%. +16 V 

2 f) 
- 1k2QQ -T- 1k 
as 'Cg* < 10 pF -14.V 'Cs* <10 pF 
<2ns appre > + < 20 ns 1N914 Sod 


Scope Rise Time < 4ns 
*Total shunt capacitance of test jig, 
connectors, and osciiloscope. 
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CASE 29-04, STYLE 17 
TO-92 (TO-226AA) 


_ MAXIMUM RATINGS 








Collector-Emitter Voltage | Vcco |  -60 | 

Collector-Base Voltage / Vcpo |  —60 | 

Emitter-Base Voltage | Vepo | 5.0 | V 
| 


Collector Current — Continuous — 600 mAdc 


| _mAde _| 
Total Device Dissipation @ Ta = 25°C 625 mW 
Derate above 25°C 5.0 mW/°C 





Vdc 
Vdc 
dc 





QS 1 Collector 







Total Device Dissipation @ Tc = 25°C 1.5 Watts 
12 mW/°C 


Derate above 25°C 
Operating and Storage Junction TJ, Tstg | —55 to +150 °C 
Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic Symbol | Max 
Thermal Resistance, Junction to Ambient 


3 Emitter 





AMPLIFIER TRANSISTOR 


PNP SILICON 





Thermal Resistance, Junction to Case R@Jc 


Refer to MPS2907 for graphs. 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
OFF CHARACTERISTICS 


Characteristic Symbol Min | Max =| Unit | 
Collector-Emitter Breakdown Voltage(1) 
























V(BR)CEO Vde 
(Ic = -—10 mAdc, Ip = 0) 
Pai 
a il 
(VcB = —50 Vdc, IE = 0) 
(Veg = —50 Vdc, Ig = 0, Ta = 150°C) 
Collector Cutoff Current ICEO —10 nAdc 
(VcE = —10V) 
Base Cutoff Current | IBEX 
(VcE = —30 Vdc, VeBioff) = —0.5 Vdc) 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = ~10 pAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 5:0 
(IE = -—10 wAdc, Ic = 0) 
Collector Cutoff Current ICEX nAdc 
(VcE = —30 Vdc, VEB(off) = —0.5 Vdc) 
Collector Cutoff Current ICBO pAdc 
—0.01 
—10 
Emitter Cutoff Current 
(Veg = —3.0 Vdc) 
Ror 
ON CHARACTERISTICS 
DC Current Gain 
(Ic = —0.1 mAdc, VcE = —10 Vdc) | 
(Ic = -—1.0 mAdc, VcgE = — 10 Vdc) 
(Ic = —10 mAdc, Vcge = — 10 Vdc) 
(I¢ = —150 mAdc, VcgE = ~10 Vdc)(1) 
(Ic = -—500 mAdc, VcgE = —10 Vde)(1) 





Collector-Emitter Saturation Voltage(1) : VCE(sat) 
(I¢ = —150 mAdc, Ip = — 15 mAdc) 
(I¢ = -—500 mAdc, Ip = —50 mAdc) 

Base-Emitter Saturation Voltage(1) VBE(sat) 
(i¢ = —150 mAdc, Ip = —15 mAdc) 
(I¢ = -—500 mAdc, Ip = —50 mAdc) 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Symbol_| Min | Max | Unit 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (1), (2) 
(Ic = —50 mAdc, VcgE = —20 Vdc, f = 100 MHz) 


Output Capacitance 
(Vcp = —10 Vdc, Ie = 0, f = 1.0 MHz) 


Input Capacitance 
(VERB = —2.0 Vdc, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time it seen 





(Vcc = —30 Vdc, Ic = —150 mAdc, 
peay time Ig1 = —15 mAdc) (Figures 1 and 5) 





Turn-Off Time 
: Vcc = —6.0 Vde, Ic = —150 mAdc, 
ia ae Rie 2 
Fall Time 















FIGURE 1 — DELAY AND RISE FIGURE 2 — STORAGE AND FALL 
TIME TEST CIRCUIT TIME TEST CIRCUIT 
T 
INPUT — 30V ee ao sane -ceey 
Zo = 509 o= 
se 200 PRF = 150 PPS 








PRF = 150 PPS 
RISE TIME <= 2.0 ns 
P.W. < 200 ns 


RISE TIME « 2.0 ns 
P.W. < 200 ns 


TO OSCILLOSCOPE 


TO OSCILLOSCOPE | g RISE TIME <5.0ns 


RISE TIME <6.0ns i 
eeiegale = = sila i = = = 


a 
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CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


MAXIMUM RATINGS 
Rating 










Value 


Symbol 
Collector-Emitter Voltage VCEO 


| Value 
aS HT 
Collector-Base Voltage Tveso [120 | vac _ 
Emitter-Base Voltage | Vepo | 7.0 | vdeo 
pro | Ade 







3 Collector 


Collector Current — Continuous 


Total Device Dissipation Ta = 25°C ro : : Watts 





Derate above 25°C — mW/°C 
Total Device Dissipation Tc = 25°C Watts eee 
Derate above 25°C mW/°C 


120 
2.5 
20 
Operating and Storage Junction Ty, Tstg [~55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS Ros AREER AE GEORG 
Thermal Resistance, Junction to Ambient NPN SILICON 
Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage (1) 
(Ic = 30 mAdc, Ig = 0) 
Collector-Base Breakdown Voltage 
(I¢ = 100 pAdc, IE = 0) 
Emitter-Base Breakdown Voltage 
(l—E = 100 wAdc, Ic = 0) 
Collector Cutoff Current 
(VcB = 90 Vdc, IE = 0) 
(VcB = 90 Vdc, IE = 0, Ta = +150°C) 





ON CHARACTERISTICS 


DC Current Gain (1) 
(I¢ = 0.1 mAdc, VcfE = 10 Vdc) P2N3019 
(Ic = 10 mAdc, Vcg = 10 Vdc) P2N3019 
(I¢ = 150 mAdc, VcgE = 10 Vdc) P2N3019 
(Ic = 150 mAdc, Vcg = 10 Vdc, Tc = —55°C) P2N3019 
(I¢ = 500 mAdc, Vcf = 10 Vdc) P2N3019 
(I¢ = 1.0 Adc, Vce = 10 Vdc) 


Collector-Emitter Saturation Voltage 
(I¢ = 150 mAdc, Ip = 15 mAdc) 
(Ic = 500 mAdc, Ip = 50 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain Bandwidth Product 
(Ic = 50 mAdc, Vcg = 10 Vde, f = 20 MHz) P2N3019 
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Ic, COLLECTOR CURRENT (mA) 


1.0 


P2N3019 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
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NF, NOISE FIGURE (dB) 


6V, TEMPERATURE COEFFICIENT (mV/°C) 
So 


P2N3019 


TEMPERATURE COEFFICIENTS 


TUT TT TTT [Tasco +150" ag 
a a en | 


[ (55°C TO 25°C) 
ee ae 


Lt tr 
[insssssiimeserinte suilll 


PET was over TTI 
sit + 25°C TO + 150°C id ft 
SUT TT 

ECCCMMPES TICE 


500 1000 


















Ic, COLLECTOR CURRENT as 


SOURCE RESISTANCE EFFECTS 


AVOTTU TATTUTITUGTOVV EES 
Vee = - 10 v 
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TTT MTT 
met 

Ih AA AUT 
CIN THEA tte MET 

se : War || en 
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Hat an ce A 


0.1 


14.0 








12.0 
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40 
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Rs, SOURCE RESISTANCE an ike 


hfe, CURRENT GAIN 


Ee Mee 


FREQU encY EFFECTS 














NF, NOISE FIGURE (dB) 


Hfas= seat] TIM TT UY 
UT | 


HIN! Ic = 10 wA 


f, FREQUENCY (kHz) 


CURRENT GAIN BANDWIDTH PRODUCT versus 
COLLECTOR CURRENT — 1 kHz hfe 






1.0 
Ic, COLLECTOR CURRENT (mAdc) 


re et a . 
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MAXIMUM RATINGS CASE 29-03, STYLE 1 
TO-92 (TO-226AE) 


Collector-Emitter Voltage | Vceo |  -80 | 
Collector-Base Voltage | vcpo |  -80 | 
Emitter-Base Voltage 
Collector Current — Continuous 


| 
Total Device Dissipation @ Ta = 25°C 1.0 
Derate above 25°C 8.0 mW/°C 
Total Device Dissipation @ Tc = 25°C Pp 2.5 WwW 
Derate above 25°C 20 mWw/°C 
Operating and Storage Junction Ty, Tstg -55 to +150 °C 
Temperature Range 


THERMAL CHARACTERISTICS 















3 Collector 


2 
Base 


1 Emitter 


Vdc 
Vdc 
Vdc 
Adc 
W 
W 












ONE WATT 
AMPLIFIER TRANSISTOR 










Thermal Resistance, Junction to Ambient Re@JA 
Thermal Resistance, Junction to Case R@Jc 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO V 
(Ic = —10 mA) 
Collector-Base Breakdown Voltage V(BR)CBO V 
(I¢ = —10 pA) 
Emitter-Base Breakdown Voltage V(BR)EBO V 
(IE = —10 pA) 


Collector Cutoff Current ICBO 
(VcB = —60 V) nA 
BA 
Emitter Cutoff Current —10 nA 
(VEB = —5.0 V) 


(Vcg = —60 V, Ta = 150°C) 
ON CHARACTERISTICS 


DC Current Gain hFE 
(Ic = —100 mA, VcE = —5.0 V, — 55°C) 40 
(Ic = —100 vA, VcE = —5.0 V) 75 
(I¢ = —100 mA, VcE = —5.0 V) 100 
(I¢ = —500 mA, VceE = —5.0 V) 70 
(ic = —1.0A, VcE = —5.0 V) 25 
V 


PNP SILICON 


























Collector-Emitter Saturation Voltage VCE(sat) 
(i¢ = —150 mA, Ig = —15 mA) 
(I¢ = —500 mA, Ig = —50 mA) 

Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = —150 mA, Ip = —15 mA) 
(ic = —500 mA, Ip = —50 mA) 
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ELECTRICAL CHARACTERISTICS (continued) HES = 25°C unless otherwise noted.) 


a 


SMALL- SIGNAL CHARACTERISTICS 


Output Capacitance Cobo 
(VcE = —10, f = 1.0 MHz) 


Input Capacitance Cibo 
(Veg = —0.5V,f = 1.0 MHz) 


Current Gain — Bandwidth Product 
(ic = —50 mA, Vcc = —10V, f = 100 MHz) 


SWITCHING CHARACTERISTICS 


Turn-On Time (see Figure 1) 
(I¢ = —500 mA, Ip1 = —50 mA) 








Turn-Off Time (see Figure 1) 
(Ic = —500 mA, lpi = Ip2 = —50 mA) 


(1) Pulse Width = 300 us, Duty Cycle 1.0%. 





Vept+5V Vcc ~ 50V 
e 






e 
OSCILLOSCOPE | 


FIGURE 1: SWITCHING TIMES TEST CIRCUIT 
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CASE 318E-04, STYLE 1 
(TO-261AA) 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO | 40 


Collector-Base Voltage VCBO ae 
Emitter-Base Voltage (Open Collector) VEBO | go 


3 


40 
75 
1.5 


Total Power Dissipation up to Ta = 25°C* Pp : 


Storage Temperature Range — 65 to +150 °C 


THERMAL CHARACTERISTICS SOT-223 PACKAGE 

ee ern 

DEVICE MARKING SURFACE MOUNT 
P1F 





*This is a Motorola 


designated preferred device. 
ELECTRICAL CHARACTERISTICS (Tj = 25°C unless otherwise noted) 


Characteristic symbol | Min | Max | unit 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage (Ic = 10 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage (Ic = 10 wAdc, IE = 0) 
Emitter-Base Breakdown Voltage (IE = 10 Adc, Ic = 0) 


Collector-Emitter Cutoff Current (VCE = 60 Vdc, Veg = — 3.0 Vdc) 
Emitter-Base Cutoff Current (VEB = 3.0 Vdc, Ic = 0) 


“Device mounted on an epoxy printed circuit board 1.575 inches x 1.575 inches x 0.059 inches; mounting pad for the collector lead min. 0.93 inches2. 
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ELECTRICAL CHARACTERISTICS — continued (Ty = 25°C unless otherwise noted) 


Characteristic symbol | Min | Max | unit _| 


OFF CHARACTERISTICS (continued) 








Collector-Base Cutoff Current 


(VcB = 60 Vdc, Ig = 0) 
(VcB = 60 Vdc, IE = 0, Ta = 125°C) 


ON CHARACTERISTICS 


DC Current Gain 

(Ic = 0.1 mAdc, Vcg = 10 Vdc) 

(Ic = 1.0 mAdc, Vcg = 10 Vdc) 

(I¢ = 10 mAdc, VoE = 10 Vdc) 

(IC = 10 mAdc, VCE = 10 Vde, Ta = — 55°C) 
(I¢ = 150 mAdc, Vcg = 10 Vdc) 

(Ic = 150 mAdc, Vcog = 1.0 Vdc) 

(I¢ = 500 mAdc, Vcg = 10 Vdc) 





Collector-Emitter Saturation Voltages 
(Ic = 150 mAdc, Ip = 15 mAdc) 
(I¢ = 500 mAdc, Ip = 50 mAdc) 


Base-Emitter Saturation Voltages 
(Ic = 150 mAdc, Ip = 15 mAdc) 
(I¢ = 500 mAdc, Ip = 50 mAdc) 


Input Impedance 
(VCE = 10 Vdc, ic = 1.0 mAdc, f = 1.0 kHz) 
(VCE = 10 Vdc, IG = 10 mAdc, f = 1.0 kHz) 


Voltage Feedback Ratio 
(VCE = 10 Vdc, Ic = 1.0 mAdc, f = 1.0 kHz) 
(VCE = 10 Vdc, Ic = 10 mAdc, f = 1.0 KHz) 


Small-Signal Current Gain 
(VCE = 10 Vdc, Ic = 1.0 mAdc, f = 1.0 kHz) 
(VCE = 10 Vdc, Ic = 10 mAdc, f = 1.0 kHz) 
Output Admittance 
(VCE = 10 Vdc, Ic = 1.0 mAdc, f = 1.0 KHz) 
(VCE = 10 Vdc, Ic = 10 mAdc, f = 1.0 kHz) 
Noise Figure 
(VCE = 10 Vdc, Ic = 100 LAde, f = 1.0 kHz) 
DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 20 mAdc, VcE = 20 Vdc, f = 100 MHz) 





Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


Input Capacitance 
(VEB = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


SWITCHING TIMES (Ta, = 25°C) 








Rise Time IB(on) = 15 mAdc, VBE(off) = -0.5 Vde) 
Figure 1 


Storage Time (Vcc = 30 Vde, Io = 150 mAdc, 


Fall Time IB(on) = !B(off) = 15 mAdc) 
Figure 2 


Delay Time (Vcc = 30 Vde, Ic = 150 mAdc, po 
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Voc 


R14 





Figure 1. Input Waveform and Test Circuit for Determining Delay Time and Rise Time 


Vj = — 0.5 V to +9.9 V, Voc = +30 V, R1 = 619 Q, R2 = 200 Q. 
PULSE GENERATOR: OSCILLOSCOPE: 
PULSE DURATION 





tp < 200ns INPUT IMPEDANCE Zj > 100 kQ2 
RISE TIME tr < 2ns INPUT CAPACITANCE Cj < 12pF 
DUTY FACTOR 6 = 0.02 RISE TIME tt < 5ns 


Voc 


TIME 





Vo 
OSCILLOSCOPE 





tf a : 
BB ev. Me 


Figure 2. Input Waveform and Test Circuit for Determining Storage Time and Fall Time 
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PZT2907AT1* 


CASE 318E-04, STYLE 1 
(TO-261AA) 


MAXIMUM RATINGS 


C 





Junction Temperature 


THERMAL CHARACTERISTICS SOT-223 PACKAGE 


Thermal Resistance from Junction to Ambient ReJA 83.3 °C/W PNP SILICON 
in Free Air* 
TRANSISTOR 


DEVICE MARKING SURFACE MOUNT 
POF 





*This is a Motorola 
designated preferred device. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted) 


Characteristic | Symbol | Min | Max | Unit 


Collector-Emitter Breakdown Voltage (Ic = 10 mAdc, Ip = 0) 





OFF CHARACTERISTICS 











Collector-Base Breakdown Voltage (Ic = 10 pAde, Ie = 0) V(BR)CBO | | Vde 
Emitter-Base Breakdown Voltage (IE = 10 pAdc, Ic = 0) V(BR)EBO | = | Ve 












Collector-Emitter Cutoff Current (VcgE = — 30 Vdc, Veg = — 0.5 Vdc) 


Collector-Base Cutoff Current (VcB = — 50 Vdc, IE = 0) 


“Device mounted on an epoxy printed circuit board 1.575 inches x 1.575 inches x 0.059 inches; mounting pad for the collector lead min. 0.93 inches?. 


Base-Emitter Cutoff Current (Ve = — 30 Vdc, Vep = — 0.5 Vdc) inex | — | -50 | nade | 
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PZT2907AT1 


ELECTRICAL CHARACTERISTICS — continued (T, = 25°C unless otherwise noted) 





Characteristic Symbol | min | Max | Unit _| 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = — 0.1 mAdc, VcE = — 10 Vdc) 
(Ic =— 1.0 mAdc, VcE = — 10 Vdc) 
(IG =- 10 mAdc, VcgE = — 10 Vdc) 
(I¢ = — 150 mAdc, VcgE = — 10 Vdc)* 
(I¢ = — 500 mAdc, VcgE = — 10 Vdc)* 


Collector-Emitter Saturation Voltages 
(Ic = — 150 mAdc, Ip = — 15 mAdc) 
(I¢ = — 500 mAdc, Ip = — 50 mAdc) 


Base-Emitter Saturation Voltages 


(Ic = — 150 mAde, Ip = — 15 mAdc) 
(IG = — 500 mAde, Ip = — 50 mAdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = — 50 mAdc, VcE = — 20 Vdc, Ta = 25°C, f = 100 MHz) 





Output Capacitance @ f = 1.0 MHz 
(VcB = — 10 Vdc, IF = 0) 


Input Capacitance @ f = 1.0 MHz 





NFE 
VCE(sai) Vde 
VBE(sat) Vde 





(VEB =-2.0 Vdc, Io = 0) 
SWITCHING TIMES (Ta, = 25°C) 


Delay Time IB1 =— 15 mAdc) 
Figure 1 
Turn-Off Time (Voc =— 6.0 Vde, Io = - 150 mAdc, 


Storage Time IB1 = !B2 =—- 15 mAdc) 
Figure 2 
Fall Time 


“Pulse Test: Pulse Width < 300 us, Duty Cycle = 2.0%. 


-30V 


INPUT 

29 =50.Q 

PRF = 150 Hz 

RISE TIME < 2.0 ns 


Ly 
-16V 
5) he 


Figure 1. Delay and Rise 
Time Test Circuit 






TO OSCILLOSCOPE 
RISE TIME < 5.0 ns 









H15V -6.0V 
INPUT 

Zo = 502 1.0k 

PAF = 150 Hz 

RISE TIME < 2.0 ns 


TO OSCILLOSCOPE 
RISE TIME < 5.0 ns 


Ly 
-30V 
ae 


Figure 2. Storage and Fall 
Time Test Circuit 
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PZTA42T1* 


MAXIMUM RATINGS CASE 318E-04, STYLE 1 
(TO-261AA) 


Collector-Emitter Voltage (Open Base) VCEO 
Collector-Base Voltage (Open Emitter) — VCBO 


Emitter-Base Voltage (Open Collector) 
Collector Current (DC) 





COLLECTOR 
24 


Total Power Dissipation up to Ta = 25°C* 


Storage Temperature Range — 65 to +150 
Junction Temperature °C 


DEVICE MARKING SOT-223 PACKAGE 


NPN SILICON 


3. 
EMITTER 


THERMAL CHARACTERISTICS HIGH Atria eee 
_ Thermal Resistance from Junction to Ambient* 83.3 oC IW . 


*This is a Motorola 
designated preferred device. 





ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted) 


Characteristic | Symbot | Min | Max | Unit 


Collector-Base Breakdown Voltage ee | ae te Vde 
(Ic = 100 pAde, IE = 0) 

Emitter-Base Breakdown Voltage ea eT = Vde 
(IE = 100 pAdc, Ic = 0) 

Collector-Base Cutoff Current p88 | wade 
(VcB = 200 Vdc, IE = 0) 

| Emitter-Base Cutoff Current 

(VBE = 6.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 1.0 mAdc, VcE = 10 Vdc) 
(Ic = 10 mAdc, VcE = 10 Vdc) 
(Ic = 30 mAdc, VcE = 10 Vdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ico = 10 mAdc, VCE = 20 Vdc, f = 100 MHz) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
(Ic = 1.0 mAdc, Ip = 0) 








Feedback Capacitance 
(VCB = 20 Vdc, IE = 0, f = 1.0 MHz) 


Collector-Emitter Saturation Voltage 
(Ic = 20 mAdc, Ip = 2.0 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = 20 mAdc, Ip = 2.0 mAdc) 


* Device mounted on a glass epoxy printed circuit board 1.575 in. x 1.575 in. x 0.059 in.; mounting pad for the collector lead min. 0.93 in? 
(1) Pulse Test Conditions, ty = 300 us, 5 = 0.02. 
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PZTAG4T1* 


CASE 318E-04, STYLE 1 
(TO-261AA) 






MAXIMUM RATINGS 







Collector-Emitter Voltage 


Collector-Base Voltage 
Emitter-Base Voltage 


Collector Current 


Storage Temperature Range — 65 to +150 


DEVICE MARKING 
P2V 
THERMAL CHARACTERISTICS 


Thermal Resistance from Junction to Ambient* ReJA 83.3 °C/W 








BASE COLLECTOR 


2,4 























3 
EMITTER 





SOT-223 PACKAGE 
PNP SILICON 
TRANSISTOR 

SURFACE MOUNT 






*This is a Motorola 
designated preferred device. 


ELECTRICAL CHARACTERISTICS (Ty, = 25°C unless otherwise noted) 


Characteristic symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic =— 100 uAdc, VBE = 0) V(BR)CES 
Collector-Base Breakdown Voltage (Ic = — 100 A, IF = 0) V(BR)CBO 
10 


Emitter-Base Breakdown Voltage (IE = — 100 WA, Ic = 0) V(BR)EBO 
Emitter-Base Cutoff Current (Vgg = — 10 Vdc, Ic = 0) | tes =| 
Collector-Base Cutoff Current (Vcp = — 30 Vde, IE = 0) ICBO le eo 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = — 10 mAdc, VcE = — 5.0 Vdc) 
(I¢ =— 100 mAdc, VcE = — 5.0 Vdc) 





Collector-Emitter Saturation Voltage 
(Ic = — 100 mAdc, Ip =— 0.1 mAdc) 


Base-Emitter On-Voltage 
(VCE =— 5.0 Vde, IG =— 100 mAdc) 


‘DYNAMIC CHARACTERISTICS 








* Device mounted on a glass epoxy printed circuit board 1.575 in. x 1.575 in. x 0.059 in.; mounting pad for the collector lead min. 0.93 in2. 
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PZTA92T1* 


CASE 318E-04, STYLE 1 
MAXIMUM RATINGS (TO-261AA) 


- Rating 


COLLECTOR 
2,4 





— 65 to +150 °C ae 
150 ° 
DEVICE MARKING . | SOT-223 PACKAGE 
35 PNP SILICON 
HIGH VOLTAGE TRANSISTOR 
THERMAL CHARACTERISTICS SURFACE MOUNT 





Thermal Resistance from Junction to Ambient’ ReJA 83.3 oC/W 


*This is a Motorola 
designated preferred device. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


| Characteristic Symbol | min | Max | unit 


OFF CHARACTERISTICS . 
Collector-Emitter Breakdown Voltage | V(BR)CEO 
(Ic =— 1.0 mAdc, Ip = 0) . 
Collector-Base Breakdown Voltage .% V(BR)CBO 
(Ic =— 100 pAdc, IE = 0) 
Emitter-Base Breakdown Voltage (Ip = — 100 Adc, Ic = 0) V(BR) 
Collector-Base Cutoff Current (Vcp = — 200 Vdc, IE = 0) ICBO 


Emitter-Base Cutoff Current (VpE = — 3.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 
DC Current Gain (1) 





(IG =— 1.0 mAde, Vg =— 10 Vde) 
(IG =- 10 mAde, VcE =— 10 Vde) 
(I¢ = - 30 mAde, VcE = — 10 Vde) 


Saturation Voltages 
(Ic =—20 mAdc, Ip = — 2.0 mAdc) 
(Ic =— 20 mAdc, Ip = — 2.0 mAdc) 


DYNAMIC CHARACTERISTICS 
Collector-Base Capacitance @ f = 1.0 MHz 
(Vc = — 20 Vdc, IF = 0) 
Current-Gain — Bandwidth Product 
(I¢ =-— 10 mAdc, VcE = — 20 Vdc, f = 100 MHz) 
* Device mounted on a glass epoxy printed circuit board 1.575 in. x 1.575 in. x 0.059 in.; mounting pad for the collector lead min. 0.93 in. 
(1) Pulse Test: Pulse Width < 300 ps; Duty Cycle = 2.0%. 
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PZTA96T1* 


CASE 318E-04, STYLE 1 
(TO-261AA) 


MAXIMUM RATINGS 


re 


COLLECTOR 
2,4 


Collector Current 


Totai Power Dissipation up to Ta = 25°C’ Db 
J 





Storage Temperature Range — 65 to +150 
Junction Temperature 150 


DEVICE MARKING 


ZTA96 


THERMAL CHARACTERISTICS 


Thermal Resistance from Junction to Ambient* RQJA °C 


EMITTER 





SOT-223 PACKAGE 
PNP SILICON 
HIGH VOLTAGE TRANSISTOR 
SURFACE MOUNT 


*This is a Motorola 
designated preferred device. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted) 


Characteristic Symbol | Min | Max | Unit __| 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage (Ic = -1.0 mAdc, |p = 0) | veryceo | -450 | — | Voc | 
Collector-Emitter Breakdown Voltage (Ic = —100 Adc, IE = 0) | werycso | -450 | — | Voce 
Emitter-Base Breakdown Voltage (!— =—10 wAdc, Ic = 0) | VeReBO | -50 | — | Vdc | 
Collector-Base Cutoff Current (Vcp = —400 Vdc, IE = 0) ee ee ee 
Emitter-Base Cutoff Current (VBE = —4.0 Vdc, Ic = 0) | tess | | tae 


ON CHARACTERISTICS 


DC Current Gain (1) 
(Ico = -10 mAdc, Vcg = -10 Vdc) 





Saturation Voltages 
(IC =-20 mAdc, Ip = —2.0 mAdc) VCE(sat) 
(I¢ = -20 mAdc, Ip = —2.0 mAdc) VBE(sat 


* Device mounted on an epoxy printed circuit board 1.575 in. x 1.575 in. x 0.059 in.; mounting pad for the collector lead min. 0.93 in. 





(1) Pulse Test: Pulse Width < 300 us; Duty Cycle = 2.0%. 
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CASE 22-03 
(TO-206AA) 
TO-18 


Metal-Can 
: Transistors 


aa | 





CASE 79-04 
(TO-205AD) 
TO-39 


Motorola’s metal-can transistor product offering includes: 
general purpose, switching, high voltage, choppers, Darlingtons, 
and low noise amplifiers. 
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_2N697 


CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 

| Value | Unit 
Veen | 40 

VeBo de 


Emitter-Base Voltage VEBO a ae Vdc 












a 
Q 
i?) 


Total Device Dissipation @ Ta = 25°C 0.6 Watt 
Derate above 25°C 4.0 mWw/°C 
Total Device Dissipation @ Tc = 25°C 2.0 


3 Collector 
2 
Base 
3 54; 


1 Emitter 


Watts 
Derate above 25°C 13.3 mW/°C 
Operating and Storage Junction Ty, Tstg | —65 to +200 | °C 
Temperature Range 
GENERAL PURPOSE 


THERMAL CHARACTERISTICS TRANSISTOR 


Thermal Resistance, Junction to Case 












NPN SILICON 





Refer to 2N2218A for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po haracteristic | Symbot | Min | Max | unit 


OFF CHARACTERISTICS 






























Collector-Base Breakdown Voltage _ se V(BR)CBO Vde 
(I¢ = 100 wAde, Ie = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 wAde, Ic = 0) 
(VcB = 30 Vde, IE = 0) 
(VcB = 30 Vdc, Ie = 0, Ta = 150°C) 
DC Current Gain(1) hFE 
| (ig = 150 mAdc, VcE = 10 Vdc) 
- | Collector-Emitter Saturation Voltage(1) VCE(sat) 
(I¢ = 150 mAde, IB = 15 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 
Output Capacitance 


Collector-Emitter Breakdown Voltage(1) V(BR)CER Vde 
(I¢ = 100 mAdc, Rge = 10 ohms) 
“Wen = Vee ie ™ P=-[3 |". 
ON CHARACTERISTICS 
Base-Emitter Saturation Voltage(1) VBE(sat) 
(I¢ = 150 mAdc, Ip = 15 mAdc) 
(VcB = 10 Vde, Ile = 0, f = 1 MHz) 


Small-Signal Current Gain 
(Ic = 50 mAdec, VcgE = 10 Vde, f = 20 MHz) 


(1) Pulse Test: Pulse Length < 300 us, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 


2N706A 


CASE 22-03, STYLE 1 






Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 












Tota! Device Dissipation @ Tc = 100°C 


TO-18 (TO-206AA) 
Derate above 100°C 


3 Collector 
2 
2 &) 
Operating and Storage Junction TJ, Tstg | —65 to +200 °C 
Temperature Range oU, VETUtSs 
THERMAL CHARACTERISTICS SWITCHING TRANSISTOR 


Thermal Resistance, Junction to Ambient i 





NPN SILICON 





/W 
Thermal Resistance, Junction to Case °C/W 


Refer to 2N2369 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) V(BR)CEO Vdc 
(Ic = 10 mAdc, Ip = 0) 

Collector-Emitter Breakdown Voltage(2) V(BR)CER Vde 
(R = 10 ohms, Ic = 10 mAdc) 


Collector Cutoff Current ICBO pAdc 
(VcB = 15 Vdc, IE = 0) 0.5 
(VcB = 15 Vdc, IE = 0, Ta = 150°C) 30 
(VcB = 25 Vdc, IE = 0) 10 
10 


Collector Cutoff Current 
(VcE = 20 Vdc, Rpg = 100k) 


Emitter Cuttoff Current 
(VERB = 5.0 Vde, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain (2) 
(I¢ = 10 mAdc, Vcf£ = 1.0 Vdc) 


Ce 
Collector-Emitter Saturation Voltage(2) VCE(sat) 
(Ic = 10 mAdc, IB = 1.0 mAdc) 
Base-Emitter Saturation Voltage(2) VBE(sat) 0.7 
(Ic = 10 mAdc, IB = 1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(VcE = 15 Vdc, IE = 10 mAdc, f = 100 MHz) 


Output Capacitance 





20 





(VcB = 5.0 Vdc, IE = 0, f = 1 MHz) 


Magnitude of Forward Current Transfer Ratio, Common-Emitter 
(VcE = 10 Vdc, IE = 10 mAdc, f = 100 MHz) 
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2N706A 


_ ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 












Collector Base Time Constant 
(VcE = 15 Vdc, IE = 10 mAdc, f = 300 MHz) 
Turn-On Time’ : 
(Ig1 = 3.0 mA, Ip2 = 1.0 mA) 
Turn-Off Time 

(IR1 = 3.0 mA, Igpa = 1.0 mA) . 








Charge Storage Time Constant(2) | | Re es od 






Ts 


Symbol 
t 
t 


(1) Refers to collector breakdown voltage in the high current region when Rbe = 10 22. 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


(3) Switching Times Measured with Tektronix Type R Plug-In (50 2 Internal Impedance). 


SWITCHING TIME TEST CIRCUIT 








Type R Sampling Resistor ~ -® 
200 


Vcc = 3.0 Vde 
Pulse Volts 2700, (adjust for 10 mA) 
Internal Resistance 


+7.0V 200 0 
OV -J- —[- ~ 
—2.0V 


STORAGE TIME TEST CIRCUIT 


Type R Sampling Resistor oe 








20.0 Vec = 10 Vde 
Pulse Volts 980 0 (adjust for 10 mA) 
Internal Resistance 
+5.0V 50 0 
~N 


OV - |. 1: 
~—4.0V 





MEASUREMENT CIRCUIT 


Vec = +10 Vde 
1.0 K 








oe SCOPE 541 
- OR EQUIVALENT 


—10V 
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2N718A 


MAXIMUM RATINGS 2N956 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


rr 
Rating Symbol! | 2N956 | 2N1711 
[cotlectoremiver Voge +i ‘Veen | _-30——«| veo 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 





3 Collector 














1 Emitter 


2N1711 


CASE 79-04, STYLE 1 
THERMAL CHARACTERISTICS TO-39 (TO-205AD) _° 3/; 


aa PS 
Characteristic Symbol 2N956 2N1711 


TRANSISTORS 
Thermal Resistance, Junction to Ambient | Raga | 350 | 58 | °cw | 
Thermal Resistance, Junction to Case RgJc NPN SILICON 







Refer to 2N3019 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| min | typ | max | unit _| 


Collector-Emitter Breakdown Voltage VCER(sus) 50 Vdc 
(Ic = 100 mAdc, pulsed; Rpg < 10 ohms)(1) 

Collector-Base Breakdown Voltage V(BR)CBO 75 Vde 
(I¢ = 100 wAdc, IE = 0) 


Emitter-Base Breakdown Voltage 
(IE = 100 pAdc, Ic = 0) 


Collector Cutoff Current 

(VcB = 60 Vdc, IE = 0) 

(VcB = 60 Vdc, IE = 0, Ta = 150°C) 
Emitter Cutoff Current 


(VEgB = 5.0 Vdc, Ic = 0) 2N718A, 
2N956, 2N1711 








OFF CHARACTERISTICS 

































ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 0.01 mAdc, Vcge = 10 Vdc) 2N956, 2N1711 












(ic = 0.1 mAdc, VcE = 10 Vdc) 2N718A, 
2N956, 2N1711 










2N718A, 
2N956, 2N1711 


(Ii¢ = 10 mAdc, Vcg = 10 Vdc) 





(Ic = 10 mAdc, Vcg = 10 Vde, Ta = —55°C) 2N718A, 
2N956, 2N1711 











10 Vdc)(1) 2N718A, 
2N956, 2N1711 


(ic = 150 mAdc, VcE 












500 mAdc, Vcge = 10 Vdc)(1) 2N718A, 
2N956, 2N1711 


(Ic 






Collector-Emitter Saturation Voltage(1) 


VCE(sat) 
(I¢ = 150 mAdc, lp = 15 mAdc) 
Base-Emitter Saturation Voltage(1) VBE(sat) 
(I¢ = 150 mAdc, lB = 15 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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2N718A, 2N956, 2N1711 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbot | min | typ | Max | Unit _| 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 50 mAdc, VcgE = 10 Vdc, f = 20 MHz) 





Output Capacitance 
(VcB = 10 Vdc, ig = 0, f = 1 MHz) 


Input Capacitance 
(VERB = 0.5 Vdc, Ic = 0, f = 1 MHz) 


| Input Impedance 
(Ic = 1.0 mAdc, Vcp = 5.0 Vdc, f = 1.0 kHz) 
(Ic = 5.0 mAdc, Veg = 10 Vdc, f = 1.0 kHz) 


Voltage Feedback Ratio 


(Ic = 1.0 mAdc, Veg = 5.0 Vde, f = 1.0 kHz) 


(I¢ = 5.0 mAde, Vcg = 10 Vde, f = 1.0 kHz) 


Small-Signal Current Gain 
(I¢ = 1.0 mAdc, VcgE = 5.0 Vdc, f = 1.0 kHz) 


(I¢ = 5.0 mAdc, VcgE = 10 Vde, f = 1.0 kHz) 


Output Admittance 
(I¢ = 1.0 mAdc, Vcp = 5.0 Vde, f = 1.0 kHz) 
(Ic = 5.0 mAdc, Vcpg = 10 Vdc, f = 1.0 kHz) 


Noise Figure ; 
(Ic = 300 wAdc, Vcge = 10 Vde, f = 1.0 kHz) 


2N718A, 
2N956, 2N1711 


fT | MHz 
60 300 
| 70 300 | 
[aE oe ee le ee | 
hib 
24 
4.0 


2N718A, 
2N956, 2N1711 


2N718A, 
2N956, 2N1711 


hfe 

2N718A, 30 100° 

2N956, 2N1711 50 200 

2N718A, 35 150 

2N956, 2N1711 70 300 
NF 

2N718A, = 

2N956, 2N1711 aoe 
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2N720A* 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


[Galecormiter Voltage Sido | 
0.5 











Emitter-Base Voltage VEBO 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Pp 












3 Collector 
2 
Base 

eae 349 U, 1 Emitter 
Total Device Dissipation @ Tc = 25°C 1.8 
Derate above 25°C 10.3 mWwW/°C 
Operating and Storage Junction Ty, Tstg —65 to +200 °C GENERAL PURPOSE 

Temperature Range TRANSISTOR 


THERMAL CHARACTERISTICS EN SION 


Thermal Resistance, Junction to Case °C/W designated preferred device. 


Refer to 2N3019 for graphs. 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
“Min [ Maxum 
OFF CHARACTERISTICS | 
Collector-Base Breakdown Voltage (ic = 100 Adc, Ie = 0) 


Emitter-Base Breakdown Voltage (I~ = 100 uwAdc, Ic = 0) V(BR)EBO | 7.0 


Collector Cutoff Current (Vcp = 90 Vdc, Ie = 0) ICBO 
(VcB = 90 Vdc, Ig = 0, Ta = 150°C) 


Emitter Cutoff Current _(VeB = 5.0 Vdc, Ic = 0) | eso | = | oto nace | 


ON CHARACTERISTICS 


DC Current Gain (Ic = 0.1 mAdc, Vcg = 10 Vdc) 
(I¢ = 10 mAdc, Vce = 10 Vde)(1) 
(I¢ = 10 mAdc, Vcfe = 10 Vdc, Ta = —55°C) 
(I¢ = 150 mAdc, VcgE = 10 Vde)(1) 
Collector-Emitter Saturation Voltage(1) (Ic = 50 mAdc, Ip = 5.0 mAdc) 
| (I¢ = 150 mAdc, Ip = 15 mAdc) 
Base-Emitter Saturation Voltage(1) (l¢ = 50 mAdc, lg = 5.0 mAdc) 
(I¢ = 150 mAdc, Ig = 15 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (ic = 50 mAdc, Vcg = 10 Vdc, f = 20 MHz) | 50 



















Output Capacitance (Vcp = 10 Vdc, Ie = 0, f = 1 MHz) 


Input Capacitance (VepB = 0.5 Vdc, Ic = 0, f = 1 MHz) 


Input Impedance (ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 
(Ic = 5.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


Voltage Feedback Ratio (Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 
(I¢ = 5.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


Small-Signal Current Gain (Ic = 1.0 mAdc, Vcf = 5.0 Vde, f = 1.0 kHz) 
(Ic = 5.0 mAdc, VcE 10 Vdc, f = 1.0 kHz) 


Output Admittance (Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 
(I¢ = 5.0 mAdc, Vcp = 10 Vde, f = 1.0 kHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 


2N869A 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) — 


Total Device Dissipation @ Ta = 25°C 
- Derate above 25°C 
Total Device Dissipation @ Tc = 
Tc = 
Derate above 25°C 





3 Collector 
2 ; 
Base : 
1 Emitter 3 2 4, 
SWITCHING TRANSISTOR 
PNP SILICON 


THERMAL CHARACTERISTICS 


| Characteristic | Symbol | Max 
Thermal Resistance, Junction to Ambient 
Thermal Resistance, Junction to Case _ °C/W 






ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
Characteristic 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 3 V(BR)CES -25 Vdc 
(Ic = —10uAdc,VpE = 0) 

Collector-Emitter Sustaining Voltage(1) VCEO(sus) 
(Ic = —10 mAdc, ip = 0) 

Collector-Base Breakdown Voltage | V(BR)CBO 
(ic = —10 pAdc, Ie = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = —10 Adc, Ic = 0) 
Collector Cutoff Current aan pAdc 












Vdc 
Vde 
Vdc 


(Vcg = —15 Vde, Ie = 0, Ta = 150°C) 


Collector Cutoff Current 
(VCE = —15 Vdc, Veg = 0) 


Base Current 
(VCE = —15 Vdc, Vee = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 

(i¢ = —10 mAdc, Veg = —0.3 Vdc) 

(Ic = —10 mAdc, Vce = —5.0 Vdc) 

(I¢ = —30 mAdc, Vcge = —0.5 Vdc) 

(I¢ = —30 mAdc, Vcf = —0.5 Vdc, Ta = —55°C) 
' (I¢ = —100 mAdc, Vcg = — 1.0 Vdc) 


hFE 
25 

Collector-Emitter Saturation Voltage VCE(sat) 

(Ic = —10 mAdc, lg = —1.0 mAdc) 

(Ic = —30 mAdc, Ig = —3.0 mAdc) 

(I¢ = —100 mAdc, lg = —10 mAdc) | 
Base-Emitter Saturation Voltage | VBE(sat) 

(Ic = —10 mAdc, ig = —1.0 mAdc) . 

(Ic = —30 mAdc, lg = —3.0 mAdc) 

(Ic = —100 mAdc, IRB = — 10 mAdc) 


nAdc 


nAdc 


30 
40 
40 
17 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot__ | Min | Max | Unit | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(I¢ = —10 mAdc, Vcge = —15 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = —5.0 Vdc, Ie = 0, f = 1MHz) 


Input Capacitance 
(VER = —0.5 Vdc, Ic = 0, f = 1 MHz) 


SWITCHING CHARACTERISTICS 


ge o2ovee a 
a 
ae 
aa 
a 





ee 
Turn-Off Time Ic = —30 mAdc 
Fall Time et Me A 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle = 1.0% 
(2) fT is defined as the frequency at which jhfE| extrapolates unity. 





TYPICAL SWITCHING CHARACTERISTICS 


FIGURE 1 — CAPACITANCE 


N 


oi 
fs) 


C, CAPACITANCE (pF) 





eo 
ead 

Ty 

ee 
” 
iia 


Sa 2 ee pe (a De 


1.0 
-03 -05-—07-10 —2.0 -3.0 —5.0 —7.0 —10 -—20 -—30 
Vp, REVERSE VOLTAGE (VOLTS) 
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2N869A 
















FIGURE 4 — CURRENT-GAIN — BANDWIDTH PRODUCT FIGURE 5 — TURN-ON TIME 
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FIGURE 8 — SWITCHING TEST CIRCUIT VALUES 


Vin VBB Vcc RL Ic Ipi'4) | Ipol4) 
Volts Volts Volts Ohms mA mA mA 


jiwrteta | anemia |e fae} ag | a tts | = 
| -a0 | -20 | e | -a0 | -15 | -15_ 






(3) Ic/Ig_ = 10. Switching is shown to reflect current industry practices. 
Compare the values shown in Figures 1 and 2 @ Ic = —30 mA to the 
typical values in the Electrical Characteristics table @ Ic/lp = 20. 


(4) lpi = Ip2 = — 3.0 mA @ Ic/lp = 10 
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2N930, A 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


] 3 Collector 
AK) 

af I, 1 Emitter 

THERMAL CHARACTERISTICS AMPLIFIER TRANSISTORS 


Thermal Resistance, Junction to Ambient Re@JA eC 
Thermal Resistance, Junction to Case R@JC 










NPN SILICON 







/W 
/W 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 10 mAdc, Ig = 0) 


Collector-Base Breakdown Voltage 2N930 
(I¢ = 10 pAdc, IE = 0) 2N930A 


Emitter-Base Breakdown Voltage 
(IE = 10 pAde, I¢ = 0) 2N930 
2N930A 
Collector Cutoff Current 
(VcE = 5.0 Vdc, Ig = 0) 
Collector Cutoff Current 
(VcB = 45 Vde, IE = 0) 2N930 
2N930A 
Collector Cutoff Current 
(VcB = 45 Vdc, Vee = 0) 2N930 
2N930A 


(VcE = 45 Vdc, Vee = 0, Ta = 170°C) 2N930 
2N930A 


Emitter Cutoff Current 
(Veg = 5.0 Vdc, Ic = 0) 2N930 
2N930A 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 1.0 wAdc, VcgE = 5.0 Vdc) 2N930A 


(ic = 1.0 wAdc, VcE = 5.0 Vde) 


(ic = 10 wAdc, Vcp = 5.0 Vdc, Ta = —55°C)  2N930 
2N930A 


(Ic = 500 wAde, VcE = 5.0 Vdc) 2N930 
2N930A 


(Ic = 10 mAdc, Veg = 5.0 Vde)(1) 2N930 
2N930A 
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2N930, A 


ELECTRICAL CHARACTERISTICS ened! (Ta = 25°C unless otherwise noted. eo. 


Collector-Emitter Saturation Voltage (1) 
(I¢ = 10 mAdc, lg = 0.5 mAdc) 2N930 


2N930A 


Base-Emitter Saturation Voltage (1) 
(I¢ = 10 mAdc, Ip = 0.5 mAdc) - 2N930 0. 





2N930A 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 500 Adc, VcE = 5.0 Vde, f = 30 MHz) 2N930 
2N930A 


| Output Capacitance 
(VcB = 5.0 Vdc, IE = 0, f = 1.0 MHz) 


Input Impedance 
(IE = 1.0 mAdc, Vcg = 5.0 Vde, f = 1.0 kHz) 


Voltage Feedback Ratio 

(ig = 1.0 mAdc, Vcp = 5.0 Vde, f = 1.0 kHz) 
Small Signal Current Gain 

(I¢ = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 
Output Admittance 

(le = 1.0 mAdc, Veg = 5.0 Vde, f = 1.0 kHz) 
Noise Figure 

(I¢ = 10 wAdc, VCE = 5.0 Vde 

Rs = 10k ohms, f = 1.0 kHz) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 





FIGURE 1 — COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 
See ee eee 
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hee, MINIMUM CURRENT GAIN 


Visat)» SATURATION VOLTAGE (Vdc) 


TIME (ns) 


2N930, A 


FIGURE 2 — MINIMUM CURRENT GAIN CHARACTERISTICS 
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FIGURE 3 — LIMITS OF SATURATION VOLTAGES FIGURE 4 — TYPICAL TEMPERATURE COEFFICIENTS 
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TYPICAL SWITCHING CHARACTERISTICS 


FIGURE 5 — TURN-ON TIME VARIATIONS WITH VOLTAGE FIGURE 6 — RISE TIME BEHAVIOR 
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t,’, STORAGE TIME (ns) 


CAPACITANCE ( pF) 


2N930, A 


FIGURE 7 — STORAGE TIME BEHAVIOR 
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FIGURE 9 — JUNCTION CAPACITANCE VARIATIONS 
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CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


Collector-Emitter Voltage 
(RgE <= 10 Ohms) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


3 Collector 
2 
Base 
3 
9714 


1 Emitter 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 





Refer to 2N3019 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


fp Characteristic | Symbot | Min | typ | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) (Ic = 100 mAdc, Rag < 10 Ohms) VCER(sus) | 50 | — | — | vac | 
Collector-Base Breakdown Voltage (Ic = 100 wAdc, IE = 0) V(BR)CBO a ae eae Vdc 


Emitter-Base Breakdown Voltage (IgE = 100 wAdc, Ic = 0) V(BR)EBO | 70 | — | — | vac | 


Collector Cutoff Current (Vcp = 60 Vdc, IE = 0) ICBO 10 nAdc 
(VcB = 60 Vdc, Ie = 0, Ta = 150°C) 10 pAdc 


(Ic = 150 mAdc, Vcge = 10 Vde)(1) 


hFE 
(I¢ = 500 mAdc, VcgE = 10 Vde)(1) 20 30 


Collector-Emitter Saturation Voltage (Ic = 150 mAdc, Ip = 15 mAdc)(1) VCE(sat) ae 




















ON CHARACTERISTICS 











DC Current Gain 





(Ic = 100 wAdc, VcE = 10 Vdc) 
(Il¢ = 10 mAdc, Vcg = 10 Vdc)(1) 
(Ic = 10 mAdc, VcgE = 10 Vdc, Ta = —55°C)(1) 








Base-Emitter Saturation Voltage (Ic = 150 mAdc, Ig = 15 mAdc)(1) VBE(sat) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 50 mAdc, VcgE = 10 Vdc, f = 20 MHz) 


Output Capacitance (Vcp = 10 Vdc, Ig = 0, f = 1.0 MHz) 
Input Capacitance (Veg = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


Input Impedance (Ic = 1.0 mAdc, Vcp = 5.0 Vdc, f = 1.0 kHz 
(lc = 5.0 mAdc, Vcp = 10 Vdc, f = 1.0 kHz) 


Voltage Feedback Ratio (Ic = 1.0 mAdc, Vcp = 5.0 Vdc, f = 1.0 kHz) 


(I¢ = 5.0 mAdc, Vcp = 10 Vdc, f = 1.0 kHz) 


Small-Signal Current Gain (I¢ = 1.0 mAdc, Vcg = 5.0 Vde, f = 1.0 kHz) 
(I¢ = 5.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


Output Admittance (Ic = 1.0 mAdc, Vcp = 5.0 Vde, f = 1.0 kHz) 
(I¢ = 5.0 mAdc, Vcp = 10 Vdc, f = 1.0 kHz) 


Noise Figure (Ic = 0.3 mAdc, Vcg = 10 Vdc, Rg = 510 Ohms, f = 1.0 kHz, 
Bandwidth = 1.0 Hz) 


SWITCHING CHARACTERISTICS 


Switching Time ptatnete | — | — | 30 | ns | 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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2N1 71 1 For Specifications, See 2N718A Data. 


MAXIMUM RATINGS 


2N1893 


: CASE 79-04, STYLE 1 
| Collector-Emitter Voltage | Vcen | 100 | Ve TO-39 (TO-205AD) 
a 


Collector Current — Continuous Ftc 6] 


3 Collector 


2 
Base 
3 244 1 Emitter 


THERMAL CHARACTERISTICS GENERAL PURPOSE 


| Max TRANSISTOR 
i i 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 














Thermal Resistance, Junction to Ambient NPN SILICON 
Thermal Resistance, Junction to Case 





Refer to 2N3019 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic [Symbol | min | Max | unit _| 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage (Ic = 100 mAdc, Rpg = 10 ohms)(1) VCER(sus) | 100 


00 
Collector-Emitter Sustaining Voltage(1) (Ic = 30 mAdc, Ip = 0)(1) VCEO(sus) | go | 
Collector-Base Breakdown Voltage (ic = 100 wAdc, IE = 0) | V(BR)CBO 
Emitter-Base Breakdown Voltage (Ip = 100 wAdc, Ic = 0) V(BR)EBO 


Collector Cutoff Current (Vcp = 90 Vdc, Ie = 0) ICBO 


(VcR = 90 Vdc, Ip = 0, Ta = 150°C) 


hFE 
7 120 


5.0 






























Emitter Cutoff Current (Veg = 5.0 Vdc, ic = 0) 
ON CHARACTERISTICS 








DC Current Gain 






(Ic = 0.1 mAdc, Veg = 10 Vdc) 

(I¢ = 10 mAdc, Veg = 10 Vdc)(1) 

(I¢ = 10 mAdc, Vcg = 10 Vdc, Ta = —55°C)(1) 
150 mAdc, Vcg = 10 Vde)(1) 


(Ic = 50 mAdc, Ip = 5.0 mAdc) 
(Ic = 150 mAdc, Ip = 15 mAdc) 
Base-Emitter Saturation Voltage(1) (Ic = 50 mAdc, Ip = 5.0 mAdc) 

(I¢ = 150 mAdce, Ip = 15 mAdc) 















Collector-Emitter Saturation Voltage(1) _ 








SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product (lc = 50 mAdc, VcE = 10 Vdc, f = 20 MHz) 
Output Capacitance (Vcp = 10 Vdc, IE = 0, f = 1.0 MHz) 

Input Capacitance (Veg = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


Input Impedance (Ic = 1.0 mAdc, Vcp = 5.0 Vde, f = 1.0 kHz) 
(Ic = 5.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


Voltage Feedback Ratio (Ic = 1.0 mAdc, Vcp = 5.0 Vdc, f = 1.0 kHz) 
(Ic = 5.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


Small-Signal Current Gain (Ic = 1.0 mAdc, Vcg = 5.0 Vde, f = 1.0 kHz) 
(I¢ = 5.0 mAdc, VcgE = 10 Vde, f = 1.0 kHz) 


Output Admittance (Ic = 1.0 mAdc, Vcg = 5.0 Vde, f = 1.0 kHz) 
| (Ic = 5.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 





Rating | Symbol | Value | Unit 


Collector-Emitter Voltage VCEO Vdc 


Collector-Emitter Voltage, Rae < 10 Ohms VCER | 80 Vdc 
7.0 









Collector-Base Voltage 120 Vdc 
Emitter-Base Voltage 
Total Device Dissipation @ Ta = 25°C i a ee | Watt 
Derate above 25°C 5.71 mW/°C 
Pp 5.0 


Total Device Dissipation @ Tc = 25°C 















3 Collector 
2 
Base 
3 
| 







Derate above 25°C 28.6 mWw/°C 1 Emi 
tter 
Operating and Storage Junction TJ, Tstg | -65 to +200 °C ee 
Temperature Range 
THERMAL CHARACTERISTICS AMPLIFIER TRANSISTOR | 


Symbol | Max | Unit__ | 
Thermal Resistance, Junction to Ambient Reja(t) 
Thermal Resistance, Junction to Case ReJc 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[SSSCharacternto «dS ymbt | Min | tw] ee | Ue 


NPN SILICON 





Refer to 2N3019 for graphs. 














OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (Ic = 100 mAdc, Rpg < 10 ohms)(2) | VcER(sus) | 80 
Collector-Emitter Sustaining Voltage(2) (Ic = 100 mAdc, Ip = 0)(2) | VceO(sus) | 65 | 
Collector-Emitter Breakdown Voltage (Ic = 100 wAdc, Veg = 1.5 Vdc) | ViBRicEx | 120 | 
Emitter-Base Breakdown Voltage (Ip = 100 wAdc, Ic = 0) 
Collector Cutoff Current (Vcg = 60 Vdc, lp = 0) ICBO ee! 

| (Vcp = 60 Vdc, IE = 0, Ta = 150°C) 
Emitter Cutoff Current (Veg = 5.0 Vdc, Ic = 0) fot Ee 








ON CHARACTERISTICS 


DC Current Gain (I¢ = 0.1 mAdc, Vcg = 10 Vdc) hFE 
(i¢ = 10 mAdc, VcgE = 10 Vde)(2) 
(Ic = 10 mAdc, Vcg = 10 Vde, Ta = —55°C)(2) 
(I¢ = 150 mAdc, Vcg = 10 Vde)(2) 
(I¢ = 500 mAdc, Vcg = 10 Vdc)(2) 
(I¢ = 1.0 Adc, VcgE = 10 Vdc)(2) 


Collector-Emitter Saturation Voltage (ic = 150 mAdc, Ip = 15 mAdc)(2) VCE(sat) 


Base-Emitter Saturation Voltage (Ic = 150 mAdc, IR = 15 mAdc)(2) VBE(sat) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (Ic = 50 mAdc, Vcg = 10 Vdc, 
f = 20 MHz) 


Output Capacitance (Vcp = 10 Vdc, IE = 0, f = 1.0 MHz) 


Input Capacitance (Veg = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


Input Impedance (ic = 1.0 mAdc, VcgE = 5.0 Vde, f = 1.0 kHz) 
(Ic = 5.0 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) 


Voltage Feedback Ratio (Ic = 1.0 mAdc, VcgE = 5.0 Vdc, f = 1.0 kHz) 
(Ic = 5.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 


Small-Signal Current Gain (Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 
(Ic = 5.0 mAdc, VcgE = 10 Vde, f = 1.0 kHz) 


Output Admittance (lc = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 
(I¢ = 5.0 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 


Noise Figure (Ic = 300 wAdc, VcE = 10 Vdc, Rg = 1.0 k Ohm, 
f = 1.0 kHz, Bandwidth = 1.0 Hz) 


SWITCHING CHARACTERISTICS 


Switching Time | Magee te ao te 


(1) RaJA is measured with the device soldered into a typical printed circuit board. (2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 









2N2218A,2N2219,A* 
2N2222,A* 


2N2218, A/2N2219,A - 
CASE 79-04. 
TO-39 (TO-205AD) 
STYLE 1 













Collector-Emitter Voltage | Vceo | 30—C* 
| 60 
| 50 | 

8 


2N2218A 
2N2219A 


Vdc 





Collector-Base Voltage : VcBO 

Emitter-Base Voltage | VEBO | 6.0 | Vde | 

Collector Current — Continuous mAdc 
@ TC = 25°C 


2N2218A 
2N2219,A 

8 0.4 Watt 

4.57 2.28 mWw/°C 

3.0 Watts 

. Derate above 25°C 17.1 mw/°C 
Operating and Storage Junction Ty, Tstg . —65 to +200 TO-18 (TO-206AA) 

Temperature Range 

. a 7 ofl, STYLE 1 


0 
0 
THERMAL CHARACTERISTICS 


2N2218A 
Characteristic 2N2219,A 


Thermal Resistance, Junction to Ambient | Rgja 


3 Collector 


Total Device Dissipation 
@ TA = 25°C © 
Derate above 25°C 


Total Device Dissipation 










2 
Base 
3 1 Emitter 
2°14 


A/2N2222,A 
CASE 22-03 

















GENERAL PURPOSE 
TRANSISTORS 
NPN SILICON 





Thermal Resistance, Junction to Case ReJjc | 58 | aa7.5 | 


42N2219A and 2N2222A 
are Motorola designated 
preferred devices. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic [symbol [min [Max | Unit | 


Collector-Emitter Breakdown Voltage 
(Ic =. 10 mAdc, Ip = 0) Non-A Suffix 
A-Suffix 








OFF CHARACTERISTICS 








V(BR)CEO 

















Collector-Base Breakdown Voltage 
(Ic = 10 pAdc, Ig = 0) Non-A Suffix 
A-Suffix 





Emitter-Base Breakdown Voltage 


V(BR)CBO Vde 
60 
75. 
(Ig = 10 pAdc, Ic = 0) Non-A Suffix 


V(BR)EBO Vde 
A-Suffix 
Collector Cutoff Current ICEX nAdc 
_ (VCE = 60 Vdc, VEB(off) = 3.0 Vdc) - A-Suffix 


Collector Cutoff Current 





















(VcB = 50 Vdc, IE = 0) Non-A Suffix 
(VcB = 60 Vdc, IE = 0) A-Suffix 
(Vcp = 50 Vdc, Ie = 0, Ta = 150°C) Non-A Suffix 
(VcB = 60 Vdc, Ie = 0, Ta = 150°C) A-Suffix 
















Emitter Cutoff Current 
(VERB = 3.0 Vde, I¢ = 0) 


Base Cutoff Current a 
(VcE = 60 Vdc, VeB(off) = 3.0 Vdc) 
ON CHARACTERISTICS 
DC Current Gain 
(ic = 0.1 mAdc, VcE 


 A-Suffix 


















A-Suffix 






10 Vdc) 2N2218A 
2N2219,A, 2N2222,A 





(ic = 1.0 mAdc, Vcg = 10 Vdc) 2N2218A 
2N2219,A, 2N2222,A 





(ic = 10 mAdc, Vcg = 10 Vde)(1) ~-2N2218A 
2N2219,A, 2N2222,A 


(ic = 10 mAde, Veg = 10 Vdc, —-2N2218A 
Ta = -55°C)(1) | 2N2219,A, 2N2222,A 






(I¢ = 150 mAdc, Vcg = 10 Vdc)(1) 2N2218A 
a 2N2219,A, 2N2222,A 
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2N2218A/19/19A/22/22A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol _| 










150 mAdc, Vcg = 1.0 Vdc)(1) 2N2218A : 
2N2219,A, 2N2222,A 


= 500 mAdc, VcgE = 10 Vdc)(1) 2N2219, 2N2222 
2N2218A 
2N2219A, 2N2222A 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(I¢ = 150 mAdc, Ig = 15 mAdc) Non-A Suffix 
A-Suffix 
(Ic = 500 mAdc, Ip = 50 mAdc) Non-A Suffix 
A-Suffix 
Base-Emitter Saturation Voltage(1) VBE(sat) 
(l¢ = 150 mAdc, Ip = 15 mAdc) Non-A Suffix 
A-Suffix 
(Ic = 500 mAdc, Ip = 50 mAdc) Non-A Suffix 
A-Suffix 


SMALL-SIGNAL CHARACTERISTICS 


Current Gain — Bandwidth Product(2) 
(I¢ = 20 mAdc, Vcg = 20 Vdc, f = 100 MHz) All Types, Except 
2N2219A, 2N2222A 



























Output Capacitance(3) 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


Input Capacitance(3) 
(Veg = 0.5 Vdc, Ic = 0, f = 1.0 MHz) Non-A Suffix 
A-Suffix 











Input Impedance 
(Ic = 1.0 mAdc, Vcf = 10 Vdc, f = 1.0 kHz) 2N2218A 
2N2219A, 2N2222A 






(ic = 10 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 2N2218A 
2N2219A, 2N2222A 






Voltage Feedback Ratio 
(I¢ = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 2N2218A 
2N2219A, 2N2222A 






(Ic = 10 mAdc, VcgE = 10 Vde, f = 1.0 kHz) 2N2218A 
2N2219A, 2N2222A 










Small-Signal Current Gain 
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 2N2218A 
2N2219A, 2N2222A 






(Ic = 10 mAdc, VcgE = 10 Vde, f = 1.0 kHz) 2N2218A 
2N2219A, 2N2222A 











Output Admittance 
(Ic = 1.0 mAdc, VcgE = 10 Vdc, f = 1.0 kHz) 2N2218A 
2N2219A, 2N2222A 









(Ic = 10 mAdc, VcE = 10 Vde, f = 1.0 kHz) 2N2218A | 
_ 2N2219A, 2N2222A 


Collector Base Time Constant rb'C> 150 
(IE = 20 mAdc, Vcg = 20Vdc, f = 31.8 MHz)  A-Suffix 


Noise Figure 
(Ic = 100 Adc, VcE = 10 Vdc, 
Rs = 1.0 kohm, f = 1.0 kHz) 


Real Part of Common-Emitter 

High Frequency Input Impedance 
(I¢ = 20 mAdc, VcgE = 20 Vdc, f = 300 MHz) 2N2218A, 2N2219A 

2N2222A 







2N2222A 








(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
(2) f7 is defined as the frequency at which |hf¢| extrapolates to unity. 
(3) 2N5581 and 2N5582 are Listed Cop and Cep for these conditions and values. 
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2N2218A/19/19A/22/22A 


oe CHARACTERISTICS eon (TA = 25°C unless otherwise noted.)._ 


(Vcc = 30 Vdc, VBE(off) = —0.5 Vdc, 
Ic = 150 mAdc, Ipy = 15 mAdc) 
(Figure 12) 


(Vcc = 30 Vdc, Ic = 150 mAdc, 
Ip1 = IB2 = 15 mAdc) 


‘Fall. Time (Figure 13) 


Active Region Time Constant 
(I¢ = 150 mAdc, Vcg = 30 Vdc) (See Figure 11 for 2N2218A, 2N2219A, 
2N2221A, 2N2222A) © 





FIGURE 1 — NORMALIZED DC CURRENT GAIN 
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FIGURE 2 — COLLECTOR CHARACTERISTICS IN SATURATION REGION 


This graph shows the effect of base current on collector current. Bo 
(current gain at the edge of saturation) is the current gain of the 
transistor at 1 voit, and £; (forced gain) is the ratio of Ic/ls in a circuit. 


EXAMPLE: For type 2N2219, estimate a base current (|,,;) to insure 
saturation at a temperature of 25°C anda collector current of 
150 mA. 

Observe that at |. = 150 mA an overdrive factor of at least 2.5 
is required to drive the transistor well into the saturation region. From 
Figure 1, it is seen that h,, @ 1 volt is approximately 0.62 of he @ 10 
volts. Using the guaranteed minimum gain of 100 @ 150 mA and 
10 V, Bo = 62 and substituting values in the overdrive equation, 
we find: 


Vee, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


io _ tu @ 1.0V __ 62 is 
Be = iJle 25> 150/le io mA 





Bo/ Br, OVERDRIVE FACTOR 
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V, VOLTAGE (VOLTS) 


hie, INPUT IMPEDANCE (k OHMS) 


hee, CURRENT GAIN 





2N2218A/19/19A/22/22A 


FIGURE 3 — “ON” VOLTAGES 
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FIGURE 4 — TEMPERATURE COEFFICIENTS 
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h PARAMETERS 
Voce = 10 Vdc, f = 1.0 kHz, Ta = 25°C 


This group of graphs illustrates the relationship between h¢e and other ‘‘h’’ parameters 
for this series of transistors. To obtain these curves, a high-gain and a low-gain unit were 
selected and the same units were used to develop the correspondingly numbered curves 


on each graph. 


FIGURE 5 — INPUT IMPEDANCE 
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FIGURE 7 — CURRENT GAIN 






art 


ptt oo 
TT 


EP=. 2 Ghul 
sid att sida 
ee ete 


« 

A 

aaa al 

z ct cet 
HCE 
0. 1.0 2.0 5.0 10 20 
lc, COLLECTOR CURRENT (mAdc) 







Sees 


|_| 
eth 





hoe, OUTPUT ADMITTANCE (.mhos) 


hye, VOLTAGE FEEDBACK RATIO (X 10—4) 


FIGURE 6 — VOLTAGE FEEDBACK RATIO 
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FIGURE 8 — OUTPUT ADMITTANCE 
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2N2218A/19/19A/22/22A 
SWITCHING TIME CHARACTERISTICS 


_ FIGURE 9 — TURN-ON TIME 
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FIGURE 10 — CHARGE DATA 
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FIGURE 11 — TURN-OFF BEHAVIOR 







an Son Se ae es ei 
ae ee 


a 
iii 
mSCTONG Gama 
Ge Se ee 
SS 


Ort 
Sie Corti Ct 


30 100 200 300 
lc, COLLECTOR CURRENT (mA) 





t,, ts, STORAGE AND FALL TIME (ns) 






FIGURE 12 — DELAY AND RISE TIME 
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FIGURE 13 — STORAGE TIME AND FALL 
TIME EQUIVALENT TEST CIRCUIT 


DUTY CYCLE = 2.0% +30 V 


we 
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MAXIMUM RATINGS 2N2270 


Rating Value | Unit | 

Collector-Emitter Voltage 
Collector-Emitter Voltage, RaE < 10 Ohms | Vcer | 60 | Vdc | 
0 | vee 

c 











CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 


Collector-Base Voltage 
Emitter-Base Voltage 
Total Device Dissipation @ Ta = 25°C PO ee a 
Derate above 25°C 5.71 mwWw/°C 
Pp 5.0 


Total Device Dissipation @ Tc = 25°C ; Watts 
Derate above 25°C 28.6 mw/°C 


Operating and Storage Junction Ty, Tstg | ~65 to +200 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


Symbol | Max | Unit __ 
Thermal Resistance, Junction to Ambient RejA(t) °C/W 
Thermal Resistance, Junction to Case R@Jc 

















: ] 3 Collector 
: 
Base 
3 971 1 Emitter 
AMPLIFIER TRANSISTOR 


NPN SILICON 












Refer to 2N3019 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


a 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(2) (Ic = 100 mAdc, Rpg <= 10 Ohms) V(BR)CER | 6 | — [| — | Vde | 










Collector-Base Breakdown Voltage (Ic = 0.05 wAdc, Ie = 0) | Verycao | 60 | — [| — | Vdc 
Emitter-Base Breakdown Voltage (lp = 0.1 mAdc, Ic = 0) V(BR)EBO a a ae Vdc 
Collector Cutoff Current (Vcg = 60 Vdc, IE = 0, Tc = 25°C) ICBO ee, eee 
(VcB = 60 Vdc, IE = 0, Tc = 150°C) 100° 
La 


Emitter Cutoff Current (Veg = 5.0 Vde, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain hee 
(Ic = 1.0 mAdc, VcE = 10 Vdc) 
(Ic = 150 mAdc, VcgE = 10 Vdc)(2) 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 150 mAdc, Ip = 15 mAdc)(2) 
Base-Emitter Saturation Voltage VBE(sat) 


(l¢ = 150 mAdc, lp = 15 mAdc)(2) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, VcgE = 10 Vde, f = 100 MHz) 














Output Capacitance Cobo 
(VcR = 10 Vde, Ie = 0, f = 1.0 MHz) 

Input Capacitance Cibo 
(VERB = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


Small-Signal Current Gain hfe 

(I¢ = 5.0 mAdc, Vcge = 10 Vde, f = 1.0 kHz) 
Noise Figure 
(I¢ = 0.3 mAdc, VcgE = 10 Vdc, Rs = 1.0 k Ohm, 
f = 1.0 kHz, B.W. = 1.0 Hz) 


SWITCHING CHARACTERISTICS 


[Total Switching Time ton toh | | Ts 


(1) Raja is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 
a 
[collector-Emitter Vottage ————~«|~Vcgo | 18 
[collector émitervotage ——=«dt~—Wces_—~«| SO 
| Collector-Base Voltage =| Vcpo | 40 
|Emitter-Base Voltage | Veo | 45 
barf Ale Mia Maal 

' (10 ws pulse) . 
| Collector Current— Continuous | tc | 200 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation 
@ Tc = 100°C : 
Derate above 100°C 6.85 mW/°C 


Operating and Storage Junction Ty, Tstg 
Temperature Range 
THERMAL CHARACTERISTICS 


| Characteristic | Symbot_| Max | Unit _ | 
Thermal Resistance, Junction to Ambient R@JA 
Thermal Resistance, Junction to Case ReJc °C/W 





2N2369,A* 





CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


3 Collector 
2 
Base 
1 Emitter 
? 2°14 


SWITCHING TRANSISTORS 


















NPN SILICON 






%*2N2369A is a Motorola 
designated preferred device. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit | 


Collector-Emitter Breakdown Voltage V(BR)CES 
(IC = 10 nA, Vee = 0) 


Vde 

Collector-Emitter Sustaining Voltage(1) VCEO(sus) Vde 
(Ic = 10 mAdc, Ig = 0) 

3 Vdc 

Vdc 








OFF CHARACTERISTICS 
















Collector-Base Breakdown Voltage V(BR)CBO 
(ic = 10 pA, Ig = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 10 wAde, Ic = 0) 







| Collector Cutoff Current ICBO pAdc 
(Vcg = 20 Vdc, IE = 0) 2N2369 
(VcB = 20 Vde, Ig = 0, Ta = 150°C) 2N2369A 
Collector Cutoff Current ICES 
| (VCE = 20 Vdc, Vee = 0) 2N2369A 
Base Current 
(VCE = 20 Vdc, Vege = 0) 2N2369A 


ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = 10 mAdc, VcE = 1.0 Vdc) 2N2369 
2N2369A 















(ic = 10 mAdc, Veg = 1.0 Vde, Ta = —55°C)  2N2369 


(Ic = 10 mAdc, Vcg = 0.35 Vde, Ta = —55°C) 2N2369A 
(Ic = 30 mAdc, VcE = 0.4 Vdc) 2N2369A 
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2N2369,A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


[SSC haractrintc «Sb 
(Ic = 100 mAdc, VcgE = 1.0 Vdc) 2N2369A 
(Ic = 100 mAdc, Vcg = 2.0 Vdc) 2N2369 


Collector-Emitter Saturation Voltage(1) (VCE(sat) 
(Ic = 10 mAdc, Ig = 1.0 mAdc) 2N2369 
2N2369A 
(Ic = 10 mAdc, Ip = 1.0 mAdc, TA = +125°C) 2N2369A 
(I¢ = 30 mAdc, Ip = 3.0 mAdc) 2N2369A 
_(i¢ = 100 mAdc, Ig = 10 mAdc) 2N2369A 


Base-Emitter Saturation Voltage(1) VBE(sat) 
(I¢ = 10 mAdc, IRB = 1.0 mAdc) All Types 
(Ic = 10 mAdc, Ig = 1.0 mAdc, Ta = 2N2369A 
(Ic = 10 mAdc, Ip = 1.0 mAdc, Ta = 2N2369A 
(l¢ = 30 mAdc, Ip = 3.0 mAdc) 2N2369A 
(Ic = 100 mAdc, IR = 10 mAdc) 2N2369A 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 10 mAdc, VcgE = 10 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = 5.0 Vdc, ig = 0, f = 1.0 MHz) 


Input Capacitance 
(VERB = 1.0 Vdc, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Storage Time 
(Ic = lpi = 10 mAdc, ipa = —10 mAdc) 





Turn-On Time 


(Ic = 10 mAdc, lpi = 3.0 mA, Ip2 = —1.5 mA, Vcc = 3.0 Vde) 


Turn-Off Time 
(Ic = 10 mAdc, lpi = 3.0 mA, Ip = —1.5 mA, Vcc = 3.0 Vdc) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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2N2369,A 


SWITCHING TIME EQUIVALENT TEST CIRCUITS FOR 2N2369, 2N3227 




















FIGURE 1 — ton CIRCUIT — 10 mA FIGURE 3 — to¢¢ CIRCUIT — 10 mA 
t 
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FIGURE 2 — ton CIRCUIT — 100 mA FIGURE 4 — toe CIRCUIT — 100 mA 
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DUTY CYCLE = 2% 


* Total shunt capacitance of test jig and connectors. 


FIGURE 5 — TURN-ON AND TURN-OFF TIME TEST CIRCUIT 
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FIGURE 6 — JUNCTION CAPACITANCE VARIATIONS FIGURE 7 — TYPICAL SWITCHING TIMES 
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CHARGE (pt) 


EMITTER VOLTAGE (VOLTS) 


Vee, MAXIMUM COLLECTOR- 


2N2369,A 


FIGURE 8 — MAXIMUM CHARGE DATA 
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FIGURE 10 — TURN-OFF WAVE FORM 








FIGURE 9 — Qy TEST CIRCUIT 
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FIGURE 11 — STORAGE TIME EQUIVALENT TEST CIRCUIT 


10 V 





< 1nsec 


PULSE WIDTH (t:) = 300 nsec 
DUTY CYCLE = 2% 





FIGURE 12 — MAXIMUM COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 


1.0 





0.8 
Ic = 10 mA 


0.6 


P| NUT 


0.2 
0.02 0.05 


a ie 
Ee eae 


| (Wael 
PT TE PNT TT EN 
RS NTN Sf 
HAY | | PN NE 
Pot TP NEE 


PLT | Ptr LUT | | 
GE ME Asin ae ME 












lo = 50 mA lc = 100 mA 








i ea SH 


Ip, BASE CURRENT (mA) 





MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 





2N2369,A 


FIGURE 13 — MINIMUM CURRENT GAIN CHARACTERISTICS 
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_ FIGURE 15 — TYPICAL TEMPERATURE COEFFICIENTS 


FIGURE 14 — SATURATION VOLTAGE LIMITS 
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2N2484* 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


3 Collector 
2 
Base 
3 1 Emitter 
a 


AMPLIFIER TRANSISTOR 


NPN SILICON 





THERMAL CHARACTERISTICS 


[Characteristic «| “Symbol | Max [Unit 
Thermal Resistance, Junction to Ambient ReJA(1) } 485 | ocw 


Thermal Resistance, Junction to Case 







*This is a Motorola 
designated preferred device. 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[SSCs «dS Smbotwin | ty | Max [Une 
OFF CHARACTERISTICS ; 
[colector-mitr Breakdown Voltage) Ug = 10mAdeig=0) (| Wanceo | | — [| — | vee 


Collector Cutoff Current (VcgB = 45 Vdc, Ig = 0) ICBO 
(VcB = 45 Vdc, IE = 0, TA = 150°C) 
Emitter Cutoff Current (Veg = 5.0 Vdc, Ic = 0) | IEBO 


ON CHARACTERISTICS 


DC Current Gain (Ic = 1.0 wAdc, VcE = 5.0 Vdc) 
(I¢ = 10 wAdc, VcE = 5.0 Vdc) 
(Ic = 10 wAdc, VcE = 5.0 Vdc, Ta = —55°C) 
(I¢ = 100 pAdc, VcE = 5.0 Vdc) 
(Ic = 500 pAdc, Veg = 5.0 Vdc) 
(I¢ = 1.0 mAdc, Veg = 5.0 Vdc) 
(i¢ = 10 mAdc, VcF = 5.0 Vdc)(2) 


Collector-Emitter Saturation Voltage (Ic = 1.0 mAdc, Ip = 0.1 mAdc) VCE(sat) 


Base-Emitter On Voltage (Ic = 0.1 mAdc, Vcg = 5.0 Vdc) VBE(on) 


SMALL-SIGNAL CHARACTERISTICS 
15 
60 


Current-Gain — Bandwidth Product (ic = 0.05 mAdc, Vcg = 5.0 Vdc, 
Cobo 


fr 
f = 20 MHz) 
(Ic = 0.5 mAdc, Vcge = 5.0 Vdc, 
f = 20 MHz) 
Output Capacitance (Vcp = 5.0 Vdc, IE = 0, f = 1.0 MHz) Coho. 
Input Capacitance (Veg = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 
Input Impedance (Ic = 1.0 mAdc, VcE = 5.0 Vdc, f = 1.0 kHz) 
Voltage Feedback Ratio (lc = 1.0 mAdc, Vcg = 5.0 Vde, f = 1.0 kHz) 
Small-Signal Current Gain (Ic = 1.0 mAdc, VcE = 5.0 Vdc, f = kHz) 
Output Admittance (Ic = 1.0 mAdc, Vcg = 5.0 Vdc, f = 1.0 kHz) 
Noise Figure (lc = 10 wAdc, Vcge = 5.0 Vde, Rg = 10 kO NF 
(I¢ = 10 wAdc, VcE = 5.0 Vde, Rg = 10 kO 
f = 1.0 kHz) 


f = 100 Hz, BW = 20 Hz) 
(I¢ = 10 wAdc, Veg = 5.0 Vdc, Rg = 10 kN 

(1) ReJA is measured with the device soldered into a typical printed circuit board. 

(2) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 






















hFE 















































f = 1.0 kHz, BW = 200 Hz) 
(Ic = 10 pAdc, VcE = 5.0 Vde, Rg = 10 kO 
f = 10 kHz, BW = 2.0 kHz) 
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= 2N2894 
MAXIMUM RATINGS CASE 22-03, STYLE 1 


| Rating | Symbot | Value | Unit TO-18 (TO-206AA) 
| Vdc 












Collector-Base Voltage VcEO. 


Vde 
Vde 
Emitter-Base Voltage _ VEBO Vde 
mW 
Ww 
°C 










3 Collector 


Total Device Dissipation @ Ta = 25°C 360 
Derate above 25°C 2.06 mWw/°C 
Total Device Dissipation @ Tc = 25°C... 1200 m 
6.85 mWw/°C 






2 
Base 


3 9 U, . 1 Emitter 


Derate above 25°C 


Operating and Storage Junction | Tj, Tstg | —65 to +200 
Temperature Range 





THERMAL CHARACTERISTICS 


Symbol | Max | 
Thermal Resistance, Junction to Ambient R@JA 
Junet 


SWITCHING TRANSISTOR | 


PNP SILICON 










Thermal Resistance, Junction to Case ReJjc 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot | Min =| Max | Unit | 
OFF CHARACTERISTICS : oo | 
| Werjces | -12 | — | Vdc | 


| = °C/W 





Refer to 2N869A for graphs. 









Collector-Emitter Breakdown Voltage (Ic = —10 wAdc, VgE = 0) 


Collector-Emitter Sustaining Voltage(2) (Ic = —10 mAdc, Ip = 0) VCEO(sus) 
Collector-Base Breakdown Voltage (ic = —10 wAdc, Ip = 0) V(BR)CBO 


Emitter-Base Breakdown Voltage (IE = — 100 Adc, Ic = 0) V(BR)EBO 


Pai 
Leah! 
Collector Cutoff Current (VcB = —6.0 Vdc, IE = 0, Ta = 125°C) | icpo | OU 
ee 
as 


















Collector Cutoff Current (Vcp = —6.0 Vdc, Veg = 0) ICES 


Base Current (VCE = —6.0 Vdc, Vg = 0) | ig | 


ON CHARACTERISTICS 


DC Current Gain(2) hres 
(ic = —10 mAdc, Vce = —0.3 Vdc) 30 
(Ic = —30 mAdc, VcE = —0.5 Vdc) 40 
(Ic = —30 mAdc, Vcg = —0.5 Vdc, Ta = —55°C) 17 
(I¢ = —100 mAdc, VcE = —1.0 Vde){2) 7 2 
Collector-Emitter Saturation Voltage(2) VCE(sat) 
(Ic = —10 mAdc, IR = —1.0 mAdc) ~ 
(Ic = —30 mAdc, Ip = —3.0 mAdc) 
(Ic = —100 mAdc, Ig = —10 mAdc) 
Base-Emitter Saturation Voltage(2) VBE(sat) 
(Il¢ = —10 mAdc, Ig = —1.0 mAdc) 
(I¢ = —30 mAdc, Ip = —3.0 mAdc 
(I¢ = —100 mAdc, Ip =.—10 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product ro 
| (I¢ = —30 mAdc, VcE = —10 Vde, f = 100 MHz) 


| Output Capacitance 
(Vcp = —5.0 Vde, Ip = 0, f = 1.0 MHz) | 


| Input Capacitance 
(VERB = —0.5 Vdc, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


| Turn-On Time 
(Vcc = —2.0 Vdc, Veg = —3.0 Vdc, Igy = —1.5 mAdc) 
Turn-Off Time 
(Vcc = —2.0 Vde, Ic = —30 mAdc, Ip1 = Ip2 = —1.5 mAdc) 


(1) Applicable from 0.01 to 10 mAdc. 
(2) Pulse Test: Pulse Width = 300 ys, Duty Cycle <2.0%. 
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MAXIMUM RATINGS 


[CRating’ ——————~*d*CSymbot ‘| N205 
[Collectoréminervorage + ‘Vero | 65 
FcotlectorémiterVottage ———~+| Veen | 80 
FcotlectorBase Voltage + _Veao | 120 
FEmitterBase Votage ——=SSS*d| Sepp | 
Collector Current — Continuous fo tc | tO 


Total Device Dissipation = 


Ic 
@ Tp = 25°C 
PD 






2N2895, 2N2896 






CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


3 Collector 
2 
Base 
1 Emitter 
3 aU, 


THERMAL CHARACTERISTICS GENERAL PURPOSE 


| Characteristic =| Symbol TRANSISTORS 
Thermal Resistance, Junction to Ambient NPN SILICON 


Thermal Resistance, Junction to Case RaJc 















Derate above 25°C 

Total Device Dissipation 
@ Tc = 25°C 

Derate above 25°C 













Refer to 2N3019 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit __ | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CER 
(l¢ = 100 mAdc, Rpeg = 10 ohms) 2N2895 
2N2896 


Collector-Emitter Sustaining Voltage(1) VCEO(sus) 
(I¢ = 100 mAdc, Ig = 0) 2N2895 
2N2896 


Collector-Base Breakdown Voltage V(BR)CBO 
(l¢ = 0.1 mAdc, I- = 0) 2N2895 
2N2896 


Emitter-Base Breakdown Voltage V(BR)EBO 7.0 Vde 
(Ie = 0.1 mAdc, Ic = 0) 


Collector Cutoff Current 





(VcB = 60 Vdc, Ic = 0) 2N2895 
2N2896 


(VcR = 60 Vde, Ig = 0, Ta = +150°C) 2N2895 
(Vcp = 90 Vdc, Ip = 0) 2N2896 


(VcR = 90 Vdc, IE = 0, Ta = +150°C) 2N2896 


Emitter Cutoff Current 
(VER = 5.0 Vdc, Ic = 0) 2N2895 
2N2896 





ON CHARACTERISTICS 


DC Current Gain 
(i¢ = 10 Adc, Vce = 10 Vdc) 2N2895 
(I¢ = 100 Adc, Vcg = 10 Vdc) 2N2895 
(Ic = 1.0 mAdc, Veg = 10 Vdc) 2N2896 
(Ic = 10 mAdc, Veg = 10 Vdc) 2N2895 
(Ic = 10 mAdc, VcE = 10 Vde, Ta = —55°C) 2N2895,2N2896 


(Ic = 150 mAdc, Veg = 10 Vde)(1) 2N2895 
2N2896 





(Ic = 500 mAdc, Veg = 10 Vdc)(1) 2N2895 
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2N2895, 2N2896 


ee mIGAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


Collector-Emitter Saturation Voltage(1) . | VCE(sat) 
(Ic = 150 mAdc, Ip = 15 mAdc) | 





Base-Emitter Saturation Voltage(1) 4 VBE(sat) 
(i¢ = 150 mAdc, Ig =.15 Adc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(I¢ = 50 mAdc, VcgE = 10 Vde, f = 100 MHz) 
Output Capacitance 

(VcB = 10 Vdc, le = 0, f = 1.0 MHz) 


Input Capacitance : 
(Veg = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


Small-Signal Current Gain 
(I¢ = 5.0 mAdc, Vcg = 5.0 Vde, f = 1.0 kHz) 2N2895 
2N2896 


Noise Figure 
(Ic = 0.3 mAdc, VcgE = 10 Vdc, Rg = 500 Ohms, SN2895 
f = 1.0 kHz) 


(1) Pulse Test: Pulse Width < 300 ps, Duty Cycle < 1.8%. 
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PNP SILICON ANNULAR HERMETIC TRANSISTORS 


... designed for high-speed switching circuits, DC to VHF amplifier applica- 
tions aa Puce circuitry. : J i ; 2N2904,A* 
@ High DC Current Gain Specified — 0.1 to 500 mAdc thru 
e x = == 

eae em nase 2N2907,A* 
e Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 0.4 Vde (Max) @ Ic = 150 mAdc 2N2904,A/2N2905,A cia 

@ 2N2904, A thru 2N2907, A Complement to NPN 2N2218, A, CASE 79-04, STYLE 1 


2N2219, A, 2N2221, A, 2N2222, A TO-39 (TO-205AD) 


2 
Base 


ti 1 Emitter 
ey , 
2°41 
2N2906,A/2N2907,A 
35 U4 


MAXIMUM RATINGS 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


GENERAL PURPOSE 
TRANSISTORS 
PNP SILICON 


2N2904,A 2N2906,A 
2N2905,A 2N2907,A 





*2N2905A and 2N2907A 


Total Device Dissipation 
@ Tp = 25°C 600 
petate-dnove 23,6 3.8 : are Motorola designated 
Total Device Dissipation preferred devices. 
@ Tc = 25°C 3.0 1.2 
Derate above 25°C 17.2 6.85 mWw/°C 
—65 to +200 








ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 





OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) ViBR)CEO Vde 
(l¢ = —10 mAdc, ig = 0) Non-A Suffix —40 
A-Suffix — 60 


Collector-Base Breakdown Voltage (Ic = —10 wAdc, IE = 0) -| vericao | -60 | — | — | vac | 
Emitter-Base Breakdown Voltage (ip = —10 Adc, Ic = 0) V(BR)EBO | — | vde | 
Collector Cutoff Current (Vcp = —30 Vdc, Veg = —0.5 Vdc) | -50 | nAdc | 


Collector Cutoff Current pAdc 
(VcB = —50 Vdc, Ie = 0) Non-A Suffix 
A-Suffix 





(VcB = —50 Vdc, Ie = 0, Ta = 150°C) Non-A Suffix 
A-Suffix 


Base Current (VceE = —30 Vdc, Veg = —0.5 Vdc) | 50 | nAdc | 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = —0.1 mAdc, VcgE = — 10 Vdc) 2N2904, 2N2906 


2N2905, 2N2907 
2N2904A, 2N2906A 
2N2905A, 2N2907A 
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. (continued) 
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2N2904, A THRU 2N2907, A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 





ON CHARACTERISTICS (continued) 


DC Current Gain 

(I¢ = —1.0 mAdc, Vcg = —10 Vdc) 2N2904, 2N2906 
2N2905, 2N2907 
2N2904A, 2N2906A 
2N2905A, 2N2907A 

(I¢ = —10 mAdc, VcgE = —10 Vdc) 2N2904, 2N2906 
2N2905, 2N2907 
2N2904A, 2N2906A 
2N2905A, 2N2907A 

(I¢ = —150 mAdc, Vcge = — 10 Vde)(1) 2N2904,A, 2N2906,A 
2N2905,A, 2N2907,A 

(I¢ = —500 mAdc, Vcf = —10 Vdc)(1) 2N2904, 2N2906 
2N2905, 2N2907 
2N2904A, 2N2906A 
2N2905A, 2N2907A 


TC Characteratc «| Syrmbot | an | tw | Max | Unt | 





hFE 
Collector-Emitter Saturation Voltage(1) VCE(sat) 
(I¢ = —150 mAdc, Ip = —15 mAdc) 
(I¢ = —500 mAdc, Ip = ~—50 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 
(Ic = —150 mAde, Ip = —15 mAdc)(1) 
(I¢ = ~500 mAdc, lg = —50 mAdc)(1) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(I¢ = —50 mAdc, Veg = —20 Vdc, f = 100 MHz) 





Output Capacitance 
(VcB = —10 Vdc, IE = 0, f = 1.0 MHz) 


Input Capacitance 
(VERB = —2.0 Vdc, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


8 pi = 15 mado) — 
| —a 
: Ea 
me 

a 





Figure 15a) 
| Turn-Off Time Time (Vee = -6.0 Vde, ig = -150 mAde, 
Fall Time (Figure 15b) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) fy is defined as the frequency at which |h¢g| extrapolates to unity. 





FIGURE 1 — NORMALIZED DC CURRENT GAIN 
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Vcg, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


“ON” VOLTAGE (VOLTS) 


NF, NOISE FIGURE (dB) 


2N2904, A THRU 2N2907, A, 
FIGURE 2 — NORMALIZED COLLECTOR SATURATION REGION 


This graph shows the effect of base current on col- 
lector current. So (current gain at edge of saturation) is 
the current gain of the transistor at 1 volt, and f (forced 
gain) is the ratio of Ic/lse in a circuit. 

EXAMPLE: For type 2N2905, estimate a base cur- 
rent (Is) to insure saturation at a temperature of 25°C 
and a collector current of 150 mA. 

Observe that at lc = 150 mA an overdrive factor of 
at least 3 is required to drive the transistor well! into 
the saturation region. From Figure 1, it is seen that 
Hee @ 1 volt is approximately 0.60 of hre @ 10 volts. 
Using the guaranteed minimum of 100 @ 150 mA and 
10 V, Bo = 60 and substituting values in the overdrive 
equation, we find: 

Bo _ he @1V 60 


= 3= lee ~ 7.5 mA 
Br Ic/ ler 150/lor - 


(Bo/BF), OVERDRIVE FACTOR 3 
FIGURE 3 — “ON” VOLTAGES FIGURE 4 — TEMPERATURE COEFFICIENTS 
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SMALL-SIGNAL CHARACTERISTICS 
NOISE FIGURE 


Vce = 10 V, Ta = 25°C 


FIGURE 5 — FREQUENCY EFFECTS FIGURE 6 — SOURCE RESISTANCE EFFECTS 
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2N2904, A THRU 2N2907, A, 


h PARAMETERS | 
VceE = 10 Vdc, f = 1.0 kHz, Ta = 25°C 


This group of graphs illustrates the relationship between h¢e and other “’h”’ parameters 

for this series of transistors. To obtain these curves, a high-gain and a low-gain unit were 

selected and the same units were used to develop the correspondingly numbered curves 

on each graph. 
FIGURE 7 — INPUT IMPEDANCE | FIGURE 8 — VOLTAGE FEEDBACK RATIO 
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2N2904, A THRU 2N2907, A, 
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FIGURE 16 — CURRENT-GAIN—BANDWIDTH PRODUCT FIGURE 17 — CAPACITANCES 
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2N2904, A THRU 2N2907, A, 


FIGURE 18 — ACTIVE REGION SAFE OPERATING AREAS 


































cs ih iS ea 
= —10 a This graph shows the maximum !c-Vc_E limits of the device 
= —0.7 +--+ both from the standpoint of thermal dissipation (at 25°C case 
: —0.5+—+—_ +s rN temperature), and secondary breakdown. For case temperatures 
wd a es ae other than 25°C, the thermal dissipation curve must be modified 
ES — 0.3 -—_f —aew in accordance with the derating factor in the Maximum Ratings 
S 92+ — IN een table. 
o a a oa To avoid possible device failure, the collector load line must 
oo _ | fall below the limits indicated by the applicable curve. Thus, for 
er 0.1 ————~ Second Breakdown Limited dati ime same © tai ; diti Wendauice ie ah lly limited d 
= _007 Pulse Duty Cycle < 10% —— certain operating con itions the device is thermally limited, an 
nc) — -— Bonding Wire Limited {——}—_ Bt for others it is limited by secondary breakdown. 
S-00F- Thermal Limitations @T¢ = 25°C [es aa a aa For pulse applications, the maximum I¢-VcE product indicated 
0.03 Applicable For Rated BVcEO = a by a oo limits rae be ee thermal limits 
0.02 es SS a Se ee oe Sed ee SRO ee a orca — ] ated by using the transient thermal resistance curve 
-20  -—3.0 —50 -—7.0 —10 — 20 —30 —40 j 
Vee, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
FIGURE 19 — THERMAL RESISTANCE 
i 1.0 5 Se a a Se A Se Le SV a Se Sn om me nro a UO I 
en eee 
2 Tn eee oo 
a 0.5 HG 5 A SD AG BO? ac RNS coe NN ANS Sa RN (RN CN NL iE 
2 ; (tO aaa ee cca ON RD cee CC Fa 9 
ae " pte | pee tt 
oO 
wz el ee 
ce foe - 
rw rs = 
a = 6ycit) =r(t) ajc 
Ly 2 
oo aa ass aeees naas aoe Sle ome cs a no we oe 
x Se ee ee 0 ee ee ee 0 ee ee 
[=] 
w>S ee ee ea | ee 
N &. 9 95 es 0 eee ee eee ae a 
a2 : eT Se a eee ee ae 
= — | a i Sree a eee ae Sa ie 





0.01 


104 — 10-3 10-2 





107! 


t, TIME (s) 





MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


3-38 


2N3019* 
2N3020 


CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


2N3019 
Rating 2N3020 | 2N3700 
Collector-Emitter Voltage VCEO | go | go | 
Collector-Base Voltage VcCBO ad 
0.5 Watts 
2.85 mWwW/°C 


















3 Collector 


=< 
‘[Emitter-Base Votge ———SSS*d Ven [7.0 


Total Device Dissipation @ Ta = 25°C caries 


Derate above 25°C 















Total Device Dissipation @ Tc = 25°C Pp Watts 1 Emitter 
Derate above 25°C Ma i : mW/°C 
Operating and Storage Junction Ty, Tstg ~—65 to +200 2N3700* 
Temperature Range 
CASE 22-03, STYLE 1 
THERMAL CHARACTERISTICS TO-18 (TO-206AA) 


2N3019 
Characteristic Symbol | 2N3020 2N3700 


Thermal Resistance, Junction to Ambient | RgJja | 217 | 350 | °C/W 
Thermal Resistance, Junction to Case RgJc | 35 | 7 °C/W 


GENERAL TRANSISTORS 


NPN SILICON 


%*2N3019 and 2N3700 
are Motorola designated 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) preferred devices. 


Lo Characteristic Symbot | min | Max | Unit 


OFF CHARACTERISTICS . 
Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(I¢ = 30 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 100 pAdc, Ie = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 7.0 Vdc 
(IE = 100 pAdc, ic = 0) 

Collector Cutoff Current ICBO pAdc 
(VcB = 90 Vdc, IE = 0) 
(Vcp = 90 Vdc, Ie = 0, Ta = +150°C) 

Emitter Cutoff Current pAdc 
(Veg = 5.0 Vdc, Ic = 0) 

ON CHARACTERISTICS 

DC Current Gain 


(Ic = 0.1 mAdc, Veg = 10 Vde) 2N3700, 2N3019 
2N3020 













































(ic = 10 mAdc, Veg = 10 Vde)(1) 2N3700, 2N3019 
2N3020 





HI 


(I¢ = 150 mAdc, Vcg = 10 Vde)(1) 2N3700, 2N3019 


2N3020 









150 mAdc, Vcg = 10 Vde, Tc = —55°C)(1) 2N3700, 2N3019 


(Ic 





500 mAdc, VcE = 10 Vde)(1) 2N3700, 2N3019 


2N3020 


(Ic 















(I¢ = 1.0 Adc, Vcg = 10 Vdc)(1) 


Collector-Emitter Saturation Voltage(1) 
(Ic = 150 mAdc, Ip = 15 mAdc) 


15 — 
VCE(sat) Vde 
(Ic = 500 mAdc, Ig = 50 mAdc) 
Base-Emitter Saturation Voltage(1) VBE(sat) Vdc 
(Ic = 150 mAdc, Ip = 15 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 50 mAdc, VcgE = 10 Vdc, f = 20 MHz) 2N3020 


All Types 













2N3019, 2N3700 
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~ 2N3019, 2N3020, 2N3700 


_ ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


\. Characteristic 


Output Capacitance 
(VcB = 10 Vdc, ig = 0, f = 1.0 MHz) 
Input Capacitance 
(VeB = 0.5 Vde, Ic = 0, f = 1.0 MHz 


Small-Signal Current Gain 
(I¢ = 1.0 mAdc, Vcf = 5.0 Vdc, f = 1.0 kHz) 2N3700, 2N3019 
2N3020 


Collector Base Time Constant 
(le = 10 mAdc, Vcp = 10 Vdc, f = 79.8 MHz) 2N3019, 2N3020 
2N3700 


Noise Figure 
(I¢ = 100 wAdc, VcE = 10 Vdc, 2N3019, 
Rs = 1.0 k ohms, f = 1.0 kHz) 2N3700 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 1.0%. 








DC CURRENT GAIN DC CURRENT GAIN 
2N3019, 2N3700 2N3020 
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2N3019, 2N3020, 2N3700 
FREQUENCY EFFECTS 


TEMPERATURE COEFFICIENTS 
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Ic. COLLECTOR cinen (M.A.D.C.) 





2N3053, A 


MAXIMUM RATINGS 


CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 


Collector Current — Continuous — 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C | a 


Operating and Storage Junction - 
Temperature Range . 
THERMAL CHARACTERISTICS 


Symbol 
Thermal Resistance, Junction to Case Resc 


(1) Applicable 0 to 100 mA (Pulsed): 
Pulse Width < 300 yusec., Duty Cycle < 2.0%. 
0 to 700 mA; Pulse Width < 10 usec., Duty Cycle < 2.0%. 


3 Collector 





2 
Base 
3 9 4 | 1 Emitter 


GENERAL PURPOSE 
TRANSISTORS 
NPN SILICON 





Refer to 2N3019 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol | Min | Max | Unit _| 


V(BR)CEO 
V(BR)CER 
V(BR)CBO 


V(BR)EBO 


ICEX 





- OFF CHARACTERISTICS 









Collector-Emitter Breakdown Voltage 
(I¢ = 100 pAdc, Ig = 0) 2N3053 
2N3053A 
























Collector-Emitter Breakdown Voltage(2) 
(I¢ = 100 mAdc, RgE = 10 ohms) 2N3053 
2N3053A 












Collector-Base Breakdown Voltage 
(I¢ = 100 Adc, IE = 0) 2N3053 
2N3053A 












Emitter-Base Breakdown Voltage (ig = 
Collector Cutoff Current 
(VcE = 30 Vdc, VEB(oft) = 1.5 Vdc) 2N3053 
(VcE = 60 Vdc, VEB(OFF) = 1.5 Vde) 2N3053A 
Emitter Cutoff Current 

(VER = 4.0 Vde, Ic = 0) *2N3053 
Base Cutoff Current 2N3053 
(VcE = 60 Vdc, VEB(off) = 1.5 Vdc) 2N3053A 
ON CHARACTERISTICS(2) 
DC Current Gain (Ic = 150 mAdc, VcE 
- (Ii¢ = 150 mAdc, VcE 


Collector-Emitter Saturation Voltage 
(I¢ = 150 mAdc, Ip = 15 mAdc) . 2N3053 
2N3053A 


100 wAdc, Ic = 0) 



























2.5 Vdc) 
10 Vdc) 


IBL- 
hFE 





























Base-Emitter Saturation Voltage 
(I¢ = 150 mAdc, Ip = 15 mAdc) 2N3053 
2N3053A 


VBE(sat) 
VBE(on) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (Ic = 50 mAdc, Vce = 10 Vdc, f = 100 MHz) 
Output Capacitance (Vcg = 10 Vdc, IE = 0, f = 1.0 MHz) 


Input Capacitance (Veg = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 
(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 











Base-Emitter On Voltage 
(i¢ = 150 mAdc, VcE = 2.5 Vdc) 2N3053 
, 2N3053A 
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2N3244 


CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


[__Characteitio ——~SC*d:”CS bol 
[Colector Base Votage ———~S* Vc) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 














3 Collector 


1 Emitter 


GENERAL PURPOSE 
THERMAL CHARACTERISTICS TRAN 


Characteristic PNP SILICON 


Thermal Resistance, Junction to Ambient 0.175 
Thermal Resistance, Junction to Case RgJjc °C/W 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po Characteristic | Symbot | min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(ic = —10 mAdc, Ip = 0) 


Vde 
Collector-Base Breakdown Voltage Vdc 
(lc = —10 pAde, IE = 0) 


Emitter-Base Breakdown Voltage 
(IE = —10 pAdc, Ic = 0) 


Base Cutoff Current 
(VCE = —30 Vdc, Veg = —3.0 Vdc) 


Collector Cutoff Current 
(VceE = —30 Vdc, VER = —3.0 Vdc) 


Collector Cutoff Current 
(VcB = —30 Vdc, IE = 0) 
(VcR = —30 Vdc, lp = 0, Ta = 100°C) 


Emitter Cutoff Current 
(VER = —4.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 


DC Current Gain(1) 
(lc = —150 mAdc, Vcg = —1.0 Vde) 
(I¢ = —500 mAdc, VcE = —1.0 Vdc) 
(Ic = —1.0 Adc, Vcg = —5.0 Vdc) 





Collector-Emitter Saturation Voltage(1) 
(I¢ = —150 mAdc, Ip = —15 mAdc) 
(I¢ = —500 mAdc, |B = —50 mAdc) 
(lc = —1.0 Adc, lg = — 100 mAdc) 
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2N3244 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


- Characteristic | Symbol! | Min | Max | 


Base-Emitter Saturation Voltage(1) . _ VBE(sat) 
(I¢ = —150 mAdc, Ip = — 15 mAdc) 
(Ic = —500 mAdc, Ig = —50 mAdc) 
(Ic = —1.0 Ade, Ip = — 100 mAdc) 
(Ic = —750 mA, Ip = —75 mA) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = —50 mAdc, Vcg = —10 Vdc, f = 100 MHz) 





Input Capacitance — et 
(Veg = —0.5 Vdc, Ic = 0, f = 100 kHz) 


(Il¢ = —500 mA, Ip1 = —50 mA 
VBE = +2.0V, Vcc = —30 V) 


Ic = -500 mA, Vcc = —30V 
Fall Time B1 = Ip2 = —50 mA) 


Total Control Charge 
(Ic = —500 mA, Ip = —50 mA, Vcc = —30 V) 


(1) Pulse Test: PW < 300 ys, Duty Cycle < 2.0%. 


FIGURE 1 — MINIMUM CURRENT GAIN CHARACTERISTICS 
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2N3244 


FIGURE 2 — COLLECTOR-EMITTER SATURATION VOLTAGE CHARACTERISTICS 
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FIGURE 5 — JUNCTION CAPACITANCE 


Pott ta et tad 


Sree onneeny ose 
= 


200 

















a 
ee Ce Se 
100 — 200 — 500 — 1000 


Ic, COLLECTOR CURRENT (mA) 


100k — Pr 
S 
Oo 
z 50 
© 
x 
S 
2 
10 
-0.1 -02. -05 -10 -20 -50 -10 -—20-—30 
. REVERSE BIAS (VOLTS) 
FIGURE 7 — CHARGE DATA 
LIMIT eee 
TYPICAL | & 
ee 
_..aee e™ | | 
a ee ee ee | | 
2 tL | Le |] | 
2 Fae Co eee eee ee ee 
ws fte— | | | | [| 
[ a ong 
< ee ie ae a ae 
- hy ee ae 
he ee ee oe ea 
Tit UU ee FT 
Ble 2 eee eee 
Ce os ee a 


FIGURE 9 — TURN-OFF EQUIVALENT TEST CIRCUIT 
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FIGURE 6 — TYPICAL SWITCHING TIMES 
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FIGURE 8 — TURN-ON EQUIVALENT TEST CIRCUIT 
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FIGURE 10 — O7 TEST CIRCUIT 
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2N3250 
2N3251,A* 


MAXIMUM RATINGS 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


3 Collector 


2 
Base 


1 Emitter 






Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 













Totai Device Dissipation @ Tc = 25°C 
Derate above 25°C 


6.9 
Operating and Storage Temperature Ty, Tstg 65 to +200 
Temperature Range 
THERMAL CHARACTERISTICS 


Pb 





3450, 


GENERAL PURPOSE 
TRANSISTORS 


PNP SILICON 





Thermal Resistance, Junction to Ambient RaJA 
Thermal Resistance, Junction to Case RgJc 


%2N3251A is a Motorola 
designated preferred device. 








ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 








OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 2N3250, 2N3251 
(I¢ = —10 mAdc) 2N3251A 


Collector-Base Breakdown Voltage 2N3250, 2N3251 V(BR)CBO 
(Ic = —10 p»Adc) 2N3251A 


Emitter-Base Breakdown Voltage V(BR)EBO 
Iz = —10 pAdc) 


Collector Cutoff Current 

(VcE = —40 Vdc, Veg = —3.0 Vdc) 
Base Cutoff Current 

(VcE = —40 Vdc, Veg = —3.0 Vdc) 
ON CHARACTERISTICS 
DC Forward Current Transfer Ratio 


(I¢ = —0.1 mAdc, Vcgé = —10 Vdc) 2N3250 
2N3251, 2N3251A 





(Ic = —1.0 mAdc, Veg = —1.0 Vdc) 2N3250 
2N3251, 2N3251A 


(ic = —10 mAdc, Vcg = —1.0 Vdc)(1) 2N3250 
2N3251, 2N3251A 


(ic = —50 mAdc, Vcg = —1.0 Vdc)(1) 2N3250 
2N3251, 2N3251A 


Collector-Emitter Saturation Voltage (1) | VCE(sat) 
(I¢ = —10 mAdc, Ip = —1.0 mAdc) 
(Ic = —50 mAdc, Ig = —5.0 mAdc 

Base-Emitter Saturation Voltage (1) VBE(sat) 
(I¢ = —10 mAdc, Ip = —1.0 mAdc) . 
(Ic = —50 mAdc, Ip = —5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 2N3250 
(IC = —10 mAdc, VcE = —20 Vde, f = 100 MHz) 2N3251, 2N3251A 


Output Capacitance 
(VcB = —10 Vde, IE = 0, f = 1.0 MHz) 


Input Capaciatance 
(VER = —1.0 Vdc, Ic = 0, f = 1.0 MHz) 
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2N3250, 2N3251,A 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


p Characteristic Symbol 


Input Impedance 2N3250 
(Ic = —1.0 mA, VcE = —10V, f = 1.0 kHz) 2N3251, 2N3251A 


Voltage Feedback Ratio - 2N3250 | 
(ic = -1.0 mA, Veg = —10V, f = 1.0 kHz) 2N3251, 2N3251A 


Small-Signal Current Gain ~  2N3250 
(I¢ = —1.0 mA, VceE = —10V, f = 1.0 kHz) 2N3251, 2N3251A 


Output Admittance : 2N3250 
(Ic = —1.0 mA, Vce = —10 V, f = 1.0 kHz) 2N3251, 2N3251A 


Collector Base Time Constant 
(I¢ = —10 mA, Vcg = —20 V, f = 31.8 MHz) 


Noise Figure 
(Ic = —100 pA, VcE = —5.0 V, Rg = 1.0 k, f = 100 Hz) 


SWITCHING CHARACTERISTICS 


Storage Time 


' Fall Time 


(1) Pulse Test: PW = 300 us, Duty Cycle = 2.0%. 

























Ic = —10 mAde, Ipq = Igy = —1.0 mAdc) 2N3250 
(Vcc = -3.0 V) 2N3251, 2N3251A 









SWITCHING TIME CHARACTERISTICS 


FIGURE 1 — DELAY AND RISE TIME FIGURE 2 — STORAGE AND FALL TIME 
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Ic = -10py 
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NF, NOISE FIGURE (db ) 


hfe 


hre x 10-4 


2N3250, 2N3251,A 


AUDIO SMALL-SIGNAL CHARACTERISTICS 
NOISE FIGURE VARIATIONS 
(VcE = 6.0 V, Ta = 25°C) 


FIGURE 3 — FREQUENCY 
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FIGURE 4 — SOURCE RESISTANCE 
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FIGURE 5 — CURRENT GAIN 
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FIGURE 8 — INPUT IMPEDANCE 
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hee, NORMALIZED CURRENT GAIN 
Vce, COLLECTOR-EMITTER. VOLTAGE (VOLTS) ns 


SATURATION VOLTAGE (VOLTS) 
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FIGURE 9 — NORMALIZED CURRENT GAIN CHARACTERISTICS 
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FIGURE 10 — COLLECTOR SATURATION REGION 


This graph shows the effect of base current on collector current. 0 is the 
current gain of the transistor at 1 volt, and f¢ (forced gain) is the ratio of Ic/Ipr 
in a circuit. EXAMPLE: For type 2N3251, estimate a base current (Ige) to insure 
saturation at a temperature of 25°C and a collector current of 10 mA. 

Observe that at lc = 10mA an overdrive factor of at least 2.5 is required to 
drive the transistor well into the saturation region. From Figure 1, it is seen that 
hee @ 1 volt is typically 167 (guaranteed limits from the Table of Characteristics 
can be used for ‘worst-case’ design)... 


Bo _ hee@ 1 Volt 167 = 
Be ee” ne. 


FIGURE 12 — TEMPERATURE COEFFICIENTS 
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rh’Cc, COLLECTOR-BASE TIME CONSTANT (psecl 


fr, CURRENT GAIN — BANDWIDTH PRODUCT (me) 


CAPACITANCE (pf) 


2N3250, 2N3251,A 


FIGURE 13 — fy AND rp’C, versus Ic FIGURE 14 — 30 MC EQUIVALENT CIRCUIT 
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MAXIMUM RATINGS 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 


5.0 
Derate above 25°C 
Operating and Storage Junction Ty, Tstg —65 to +200 °C 
Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 
Thermal Resistance, Junction to Ambient 


Thermal Resistance, Junction to Case 



















ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


2N3467* 
2N3468* 


CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 


3 
} 


SWITCHING TRANSISTORS 


3 Collector 


2 
Base 


1 Emitter 


PNP SILICON 


* These are Motorola 
designated preferred devices. 





Characteristic | Symbot | Min | Max | Unit _ | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1)} 
(Il¢ = —10 mAdc, Ip = 0) 2N3467 


2N3468 


Collector-Base Breakdown Voltage 
(Ic = —10 pAdc, Ie = 0) 2N3467 


2N3468 


Emitter-Base Breakdown Voltage 
(Ile = —10 pAdc, Ic = 0) 


Base Cutoff Current 
(VcE = —30 Vdc, Veg =. —3.0 Vdc) 


Collector Cutoff Current. 
(VcE = —30 Vdc, Veg = —3.0 Vdc) 


Collector Cutoff Current 
(VcB = —30 Vdc, IE = 0) 
(VcB = —30 Vdc, IE = 0, Ta = 100°C) 


ON CHARACTERISTICS . 


DC Current Gain(1). 


(Ic = —150 mAdc, VcgE = —1.0 Vdc) 2N3467 


2N3468 
(Ic = —500 mAdc, VcF 


— 1.0 Vdc) 2N3467 


2N3468 


2N3467 
2N3468 


(I¢ = —1.0 Adc, Vcg = —5.0 Vdc) 


Collector-Emitter Saturation Voltage(1) 
(I¢ = —150 mAdc, ig = —15 mAdc) 2N3467 
2N3468 
-—500 mAdc, Ip = —50 mAdc) © 2N3467 
. 2N3468 


(Ic 


2N3467 
2N3468 


— 1.0 Adc, Iz = —100 mAdc) 


— 150 mAdc, Ip = —15 mAdc) 
— 500 mAdc, Ip = —50 mAdc) 
(I¢ = —1.0 Adc, ig = —100 mAdc) 
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™ pe] - |". 


nAdc 


ICEX = ~ 100 
” p= [ae 


VCE(sat) 





_ EI 


FETs AND DIODES 


2N3467, 2N3468 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbot | Min | Max [Unit 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = —50 mAdc, VceE = —10 Vde, f = 100 MHz) 2N3467 
2N3468 


Output Capacitance 
(VcB = —10 Vdc, IE = 0, f = 100 kHz) 


Input Capacitance 
(VERB = —0.5 Vdc, Ic = 0, f = 100 kHz) 


SWITCHING CHARACTERISTICS 


(i¢ = —500 mA, lpi = —50 mA, Vege = 
2.0 V, Vcc = 30 V) 





(I¢ = —500 mA, Ip1 = Ip2 = —50 mA, Vcc = —30V) 


Total Control Charge 
(I¢ = 500 mA, Ip = 50 mA, Vcc = 30 V) 


(1) Pulse Test: PW < 300 us, Duty Cycle < 2.0%. 





FIGURE 1 — STORAGE TIME VARIATION WITH TEMPERATURE 
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FIGURE 2 — LIMITS OF SATURATION VOLTAGE 
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2N3467, 2N3468 
FIGURE 3 — MINIMUM CURRENT GAIN CHARACTERISTICS | 
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MAXIMUM RATINGS 





2N3495 


CASE 79-04, STYLE 1 3 
TO-39 (TO-205AD) 


Emitter-Collector Voltage VCEO Vde 
Collector-Base Voltage VCBO [490 - | 
Emitter-Base Voltage VEBO | a Vde 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 600 
Derate above 25°C 3.43 
Total Device Dissipation @ Tc = 25°C* 3.0 : 
Derate above 25°C 17.2 6.85 mWw/?C 


Operating and Storage Junction Ty. Tstg —65 to +200 °C 
Temperature Range 


*Indicates Data in addition to JEDEC Requirements. 


THERMAL CHARACTERISTICS 
Max 


[Unie | 
_| Thermal Resistance, Junction to Ambient Re@JA 
Thermal Resistance, Junction to Case | Rac | 46 | cw OY 


Rec 
ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit _| 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO — 120 Vde 
(I¢ = —10 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = —10 pAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(le = —10 wAdc, Ic = 0) 

Collector Cutoff Current ICBO nAdc 
(VcB = —90 Vdc, IE = 0) 

Emitter Cutoff Current 
(VERB = —3.0 Vdc, Ic = 0) 

ON CHARACTERISTICS 


DC Current Gain(1) hFE 
= —100 wAdc, Vcg = —10 Vdc) 
= —1.0 mAdc, Vcfe = —10 Vdc) 
(lc = —10 mAdc, Vcg = —10 Vdc) 
(i¢ = —50 mAdc, VcE = —10 Vdc) 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = —10 mAdc, lp = —1.0 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) 
(lc = —10 mAdc, Ip = —1.0 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(i¢ = —20 mAdc, VcE = —10 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = —10 Vdc, Ie = 0, f = 1.0 MHz) 


Input Capacitance 
(VER = —2.0 Vdc, Ic = 0, f = 1.0 MHz) 


3 Collector 






2 
Base 






2N3497 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 








1 Emitter 





GENERAL PURPOSE 
TRANSISTORS 


PNP SILICON 


















input Impedance 
(i¢ = —10 mAdc, VcE = —10 Vdc, f = 1.0 kHz) 


Voltage Feedback Ratio 
(I¢ = —10 mAdc, VcE = —10 Vdc, f = 1.0 kHz) 


Small-Signal Current Gain 
(I¢ = —10 mAdc, VcE = —10 Vdc, f = 1.0 kHz) 
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2N3495, 2N3497 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted. ) 


Characteristic 


Output Admittance | . 
(Ic = —10 mAdc, Vce = —10 Vdc, f = 1.0 kHz) 





SWITCHING CHARACTERISTICS 
Turn-On Time 
(Vcc = —30 Vde, Ic = —10 mAdc, Ip1 = —1.0 mAdc) 
Turn-Off Time 
(Vcc = —30 Vdc, ic = —10 made, ines Ip2 = —1.0 mAdc) 
(1) Pulse Test: Pulse Width <300 ys, Duty Cycle = 2.0%. 


(2) fy is defined as the frequency at which hfg extrapolates to unity. 


FIGURE 1 — TURN-ON TIME TEST CIRCUIT 
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2N3495, 2N3497 


FIGURE 8 — Cogo versus VcB 


FIGURE 7 — f, versus Ic 
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MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage VcBO 100 Vde 







Collector Current — Continuous | ic | 500 | 300 | mAdc 
Total Device Dissipation @ Ta = 25°C 1.0 Watt 
Derate above 25°C 5.71 mWwW/°C 
Total Device Dissipation @ Tc = 25°C : 
Derate above 25°C . 








THERMAL CHARACTERISTICS 










Characteristic 


Thermal Resistance, Junction to Ambient R@JA 
Thermal Resistance, Junction to Case ReJc | 35 | ecw 















ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Emitter-Base Voltage Veo | 6.0 | Vide | 


2N3499 
thru 2N3501* 


CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 


3 Collector 
; 
Base 
s 274 . 1 Emitter 


GENERAL PURPOSE 
TRANSISTORS 


NPN SILICON 


%2N3501 is a Motorola 
designated preferred device. 








| Characteristic | Symbot | Min | Typ | Max | Unit_| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
(I¢ = 10 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage 2N3499 
(I¢ = 10 wAdc, IE = 0) 


Emitter-Base Breakdown Voltage 
(Ile = 10 wAdc, Ic = 0) 


Collector Cutoff Current 
(Vcp = 50 Vdc, IE = 0) 
(VcB = 50 Vde, IE = 0, Ta = 150°C) 
(VcB = 75 Vde, Ile = 0) 
(VcB = 75 Vdc, Ie = 0, Ta = 150°C) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 0.1 mAdc, VcgE = 10 Vdc) 2N3500 
2N3499, 2N3501 


(Ic = 1.0 mAdc, VcE = 10 Vdc) 2N3500 
2N3499, 2N3501 


(Ic = 10 mAdc, Vcg = 10 Vde)(1) 2N3500 
2N3499, 2N3501 


(ic = 150 mAdc, Vcg = 10 Vde)(1) 2N3500 
2N3499, 2N3501 


(Ic = 300 mAdc, Vcg = 10 Vdc)(1) 2N3500 
2N3501 


500 mAdc, Vcr = 10 Vde)(1) 2N3499 


Collector-Emitter Saturation Voltage(1) 
(Ic = 10 mAdc, Ip = 1.0 mAdc) All Types 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) All Types 


(Ic = 150 mAdc, Ip = 15 mAdc) 2N3500, 2N3501 
(Ic = 300 mAdc, Ip = 30 mAdc) 2N3499 


2N3499 V(BR)CEO Vde 
2N3500, 2N3501 
V(BR)CBO Vdc 
2N3500, 2N3501 
V(BR)EBO 
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2N3499 thru 2N3501 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Base-Emitter Saturation Voltage(1) 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) All Types 
(I¢ = 50 mAdc, Ip = 5.0 mAdc) All Types 
(I¢ = 150 mAdc, Ip = 15 mAdc) 2N3500, 2N3501 
(I¢ = 300 mAdc, Ig = 30 mAdc) 2N3499 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 2N3499 
| (VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 2N3500, 2N3501 


Input Capacitance 
(Veg = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


Input Impedance 2N3500 
(I¢ = 10 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 2N3499, 2N3501 


Voltage Feedback Ratio 2N3500 
(I¢ = 10 mAdc, Vcf = 10 Vde, f = 1.0 kHz) 2N3499, 2N3501 


Small-Signal Current Gain 2N3500 
(I¢ = 10 mAdc, Vcg = 10 Vde, f = 1.0 kHz) 2N3499, 2N3501 


Output Admittance 2N3500 
(I¢ = 10 mAdc, Vcf = 10 Vde, f = 1.0 kHz) 2N3499, 2N3501 


SWITCHING CHARACTERISTICS 


Delay Time 
(Ic = 150 mAdc, Ip4 
Rise Time 
(Ic = 150 mAdc, Ip1 = 15 mAdc, Vcc = 100 Vdc, VBE(off) = ~ 2-0 Vde) 
Storage Time 
(I¢ = 150 mAdc, Igy = Ip2 = 15 mAdc, Vcc = 100 Vdc) 
Fall Time 
(I¢ = 150 mAdc, Ip1 = IB2 = 15 mAdc, Vcc = 100 Vdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(2) fr = Ihfel ¢ ftest- 
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hee, DC CURRENT GAIN (NORMALIZED) hr, DC CURRENT GAIN 


hee, DC CURRENT GAIN 


2N3499 thru 2N3501 


FIGURE 1 — CURRENT GAIN CHARACTERISTICS versus JUNCTION TEMPERATURE 
2N3499 





I¢, COLLECTOR CURRENT (mA) 


FIGURE 2 — CURRENT GAIN CHARACTERISTICS versus COLLECTOR-EMITTER VOLTAGE 
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FIGURE 3 — CURRENT GAIN CHARACTERISTICS versus JUNCTION TEMPERATURE 
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2N3499 thru 2N3501 
2N3501 
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FIGURE 5 — “ON” VOLTAGES 
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hte, SMALL-SIGNAL CURRENT GAIN 


hie, INPUT IMPEDANCE (k OHMS) 


2N3499 thru 2N3501 


AUDIO SMALL-SIGNAL h PARAMETER CHARACTERISTICS 
(VcE = 10 Vdc, Ta = 25°C, f = 1.0 kHz) 


FIGURE 8 — CURRENT GAIN 


Banal 
2N3499, 2N3501 ul 
LT | 






“| 






100 — 









bp fe ma 
46 =a-0 
ca oer 
PERTH testi 






60 


ERPs cia een 
rT PCr Cec 


05 07 1.0 5.0 7.0 10 







+ 





205 


Ic, COLLECTOR CURRENT (mA) 


FIGURE 10 — INPUT IMPEDANCE 
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MAXIMUM RATINGS 
a5 
[EmiterBase Votiage ———~S*dt ego | as | vee | 
[200 








Total Device Dissipation @ Ta = 25°C 0.36 Watt 
Derate above 25°C 2.06 mW/°C 

Total Device Dissipation @ Tc = 25°C 1.2 Watts 
Derate above 25°C 






Operating and Storage Temperature 
_ Temperature Range 


THERMAL CHARACTERISTICS 


Symbol 
Thermal Resistance, Junction to Ambient RgJA 
Thermal Resistance, Junction to Case RgJc 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 










2N3546 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


/ 


SWITCHING TRANSISTOR 


PNP SILICON 


3 Collector 


2 
Base 


1 Emitter 





Pp haracteristic | Symbol | min | Max | Unit 


OFF CHARACTERISTICS 
Collector-Base Breakdown Voltage (Ic = —10 wAdc, IE = 0) 


| Emitter-Base Breakdown Voltage (IE = —10 wAdc, Ic = 0) 


Base Cutoff Current (VcgE = —10 Vdc, VER = —3.0 Vdc) 
Collector Cutoff Current (VcgE = —10 Vdc, Veg = —3.0 Vdc) 


Collector Cutoff Current (VcgR = —10 Vdc) 
(Vcg = —10 Vdc, Ta = 150°C) 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 1.0 mAdc, VcfE = —1.0 Vdc) 
(l¢ = 10 mAdc, Vcg = —1.0 Vdce)(1) 
(Ic = 10 mAdc, Vcg = 1.0 Vde, Ta = —55°C)(1) 
(Ic = 50 mAdc, Vcg = 1.0 Vde)(1) 
(I¢ = 100 mAdc, VcgE = 1.0 Vde)(1) 


Collector-Emitter Saturation Voltage (1) 


(Il¢ = —10 mAdc, ip = —1.0 mAdc) 

(Ic = —50 mAdc, Ip = —5.0 mAdc) 

(I¢ = —100 mAdc, Ip = —10 mAdc) 
Base-Emitter Saturation Voltage (1) 

(I¢ = —10 mAdc, IR = —1.0 mAdc) 

(I¢ = —50 mAdc, Ip = —5.0 mAdc) 

(I¢ = -—100 mAdc, lg = —10 mAdc) — 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(ic = —10 mAdc, Vc = —10 Vde, f = 100 MHz) 
Output Capacitance . 

(Vcp = —10 Vdc, Ip = 0, f = 1.0 MHz) 


Input Capacitance 
(VERB = —0.5 Vde, Ic = 0, f = 1.0 MHz) 





VCE(sat) 


VBE(sat) 
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FETs AND DIODES 


2N3546 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Symbol_| Min | Max | Unit __ | 
SWITCHING CHARACTERISTICS 

Ic = —50 mA, Ig1 = —5.0 mA 

Ic = —50 mA, Ip = Ip2 = —5.0 mA 





Turn-Off Time 


Totai Controi Charge 
(Ic = 50 mA, Ip = 5.0 mA, Vcc = 3.0 V) 


(1) Pulse Test: PW = 300 us, Duty Cycle < 2.0%. 





FIGURE 1 — LIMITS OF SATURATION VOLTAGES FIGURE 2 — STORAGE TIME BEHAVIOR 
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FIGURE 3 — DELAY AND RISE TIME FIGURE 4 — STORAGE AND FALL TIME FIGURE 5 — SWITCHING TIME 
EQUIVALENT TEST CIRCUIT EQUIVALENT TEST CIRCUIT TEST CIRCUIT 
-3V -3V 


VBB -2V 
e 


Vin 


+8.7V 
oVv—-— PULSE WIDTH > 200 ns 
RISE TIME < 2 ns 
Vin -11.3V 


Zin = 50 0 





PULSE WIDTH = 200 ns PULSE WIDTH = 200 ns ton: VBB=+3 V, Vin=-7V 
RISE TIME < 2 ns RISE TIME < 2 ns toff: Vag =-4 V, Vin = +6 V 
DUTY CYCLE < 10% DUTY CYCLE < 10% oe 


“OSCILLOSCOPE RISE TIME < 1 ns 
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hee, DC CURRENT GAIN 
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FIGURE 6 — MINIMUM CURRENT GAIN CHARACTERISTICS 
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2N3634 
thru 
2N3637 


CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


Rating 


Collector Current — Continuous 

Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 





3 Collector 
Ht & 
3 of 1 Emitter 
THERMAL CHARACTERISTICS GENERAL PURPOSE 


[Characteristic «| “Symbol [Max | Unit TRANSISTORS 
Thermal Resistance, Junction to Ambient R@JA PNP SILICON 
Thermal Resistance, Junction to Case RgJc °C/W 





ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


J Characteristic | Symbot | Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO 
(lc = —10 mAdc, Ip = 0) 2N3634, 2N3635 — 140 
2N3636, 2N3637 —175 
Collector-Base Breakdown Voltage V(BR)CBO 
(I¢ = —100 pAdc, Ie = 0) 2N3634, 2N3635 — 140 
2N3636, 2N3637 —175 
Emitter-Base Breakdown Voltage V(BR)EBO 
l— = —10 pAdc, Ic = 0) 
Collector Cutoff Current ICBO 
(VcB = —100 Vdc, IE = 0) 
Emitter Cutoff Current 
(VERB = —3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain hee 
(I¢ = —0.1 mAdc, VceE = —10 Vdc) 2N3634, 2N3636 
| 2N3635, 2N3637 
(Ic = —1.0 mAdc, Vee = —10 Vdc) 2N3634, 2N3636 
2N3635, 2N3637 
(I¢ = —10 mAdc, VcE = —10 Vdc)(1) 2N3634, 2N3636 
2N3635, 2N3637 
(Ic = -—50 mAdc, Vcg = —10 Vdc)(1) 2N3634, 2N3636 
2N3635, 2N3637 
(i¢ = —150 mAdc, VcgE = — 10 Vdc)(1) 2N3634, 2N3636 
2N3635, 2N3637 


Collector-Emitter Saturation Voltage(1) VCE(sat) Vdc 
(i¢ = —10 mAdc, IR = —1.0 mAdc) 
(Ic = —50 mAdc, Ip = —5.0 mAdc) 


Base-Emitter Saturation Voltage(1) VBE(sat) 
(Ic = —10 mAdc, Ip = —1.0 mAdc) 
(I¢ = —50 mAdc, Ip = —5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(VcE = —30 Vdc, Ic = —30 mAdc, f = 100 MHz) 2N3634, 2N3636 





2N3635, 2N3637 





MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


3-67 





2N3634 thru 2N3637 


ELECTRICAL CHARACTERISTICS une (Ta = 25°C unless otherwise noted.) 


Symbol [Min 
| Output Capacitance Cobo 
(Veg = —20 Vdc, IE = 0, f = 1.0 MHz) 
Input Capacitance . Cibo 75 
| (VERB = —1.0 Vdc, Ic = 0, f = 1.0 MHz) | 


Input Impedance ohms 
100 600 
200 1200 























(ic = —10 mAdc, VcE = —10 Vdc, f = 1.0 kHz) 2N3634, 2N3636 
2N3635, 2N3637 









Voltage Feedback Ratio 
| (lc = —10 mAdc, Vce = —10 Vdc, f = 1.0 kHz) 
Small-Signal Current Gain 
(l¢ = —10 mAdc, VcgE = —10 Vdc, f = 1.0 kHz) 2N3634, 2N3636 
ee 2N3635, 2N3637 


Output Admittance 
(Ic = —10 mAdc, Vcge = —10 Vde, f = 1.0 kHz) 


Noise Figure 
(I¢ = —0.5 mAdc, Vcfe = —10 Vdc, Rg = 1.0 k ohms, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 











Turn-Off Time Ic = —50 mAdc, igi = !g2 = —5.0 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


FIGURE 1 — JUNCTION CAPACITANCE VARIATIONS FIGURE 2 — GAIN-BANDWIDTH PRODUCT 
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heg, DC CURRENT GAIN 


hee, DC CURRENT GAIN 
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2N3634 thru 2N3637 


FIGURE 3 — CURRENT GAIN CHARACTERISTICS versus JUNCTION TEMPERATURE 
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FIGURE 4 — CURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 
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NORMALIZED DC CURRENT GAIN 


2N3634 thru 2N3637 


FIGURE 5 — CURRENT GAIN CHARACTERISTICS versus JUNCTION TEMPERATURE 
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FIGURE 6 — CURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 
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FIGURE 7 — INPUT IMPEDANCE 
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2N3634 thru 2N3637 


FIGURE 11 — SATURATION VOLTAGES FIGURE 12 — TEMPERATURE COEFFICIENTS 


Veat, SATURATION VOLTAGE (VOLTS) 
6y, TEMPERATURE COEFFICIENT (mV/°C) 
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TT TTT 
Sor 





0 
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FIGURE 13 — SWITCHING TIME TEST CIRCUIT 
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FIGURE 14 — TURN-ON TIME VARIATIONS WITH VOLTAGE FIGURE 15 — TURN-OFF TIME VARIATIONS WITH CIRCUIT GAIN 
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MAXIMUM RATINGS : 


Collector-Emitter Voltage | vceo |  -40 | Vde | 
Collector-Base Voltage | Vepo | -40 =| Vde | 
Emitter-Base Voltage VEBO 

















Collector Current — Continuous 


TO-39 
2N3762 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


1.0 Watt 
5.71 mWwW/°C 
4.0 Watts 
22.8 mW/°C 


on 
u 







TJ, Vstg —65 to +200 








Lead Temperature 
1/16” from Case for 10 Seconds 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Ambient R@JA 
Thermal Resistance, Junction to Case ReJc | a °C/W 














ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 


2N37/62 


CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 


3 Collector 
| 
Base ) : | 
1 Emitter 3 544 
SWITCHING 
TRANSISTOR 





PNP SILICON 








OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = —10 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage 
(Il¢ = —10 pAdc, IE = 0) 


Emitter-Base Breakdown Voltage 
(IE = —10 pAdc, Ic = 0) 


Collector Cutoff Current 
(VcE = —20 Vdc, Veg = —2.0 Vdc) 
(VcE = —20 Vdc, Veg = —2.0 Vdc, Ta = 100°C) 


Base Cutoff Current 
(VcE = —20 Vdc, VER = —2.0 Vdc) 


ON CHARACTERISTICS 


DC Current Gain(1) 
(Ic = —10 mAdc, VcE = —1.0 Vdc) 
(lc = —150 mAdc, VcgE = —1.0 Vdc) 
(I¢ = —500 mAdc, VcgE = —1.0 Vdc) 
(I¢ = -—1.0 Adc, VcE = —1.5 Vdc) 


(Ic = —1.5 Adc, Vee = —5.0 Vdc) 


Collector-Emitter Saturation Voltage(1) 
(I¢ = —10 mAdc, Ip = —1.0 mAdc) 
(I¢ = —150 mAdc, Ip = —15 mAdc) 
(Ic = —500 mAdc, lp = —50 mAdc) 
(l¢ = —1.0 Adc, lp = — 100 mAdc) 


Base-Emitter Saturation Voltage(1) 
(I¢ = —10 mAdc, ig = —1.0 mAdc) 
(lc = —150 mAdc, lgp = —15 mAdc) 
(l¢ = —500 mAdc, Ip = —50 mAdc) 
(l¢ = -—1.0 Adc, lp = — 100 mAdc) 





VCE(sat) 
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FETs AND DIODES 


2N3762 
ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit | 


SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(VcB = —10 Vde, Ip = 0, f = 1.0 MHz) 


Input Capacitance 


(Vep = —0.5 Vde, Ic = 0, f = 4.0 MHz) 


Current Gain — High Frequency 
(Ic = —50 mAdc, Vcg = —10 Vde, f = 100 MHz) 


SWITCHING CHARACTERISTICS 


ae Time (Vcc = —30 V, Veg = 2.0 V, a 





Voc = —30V, Ic = —1.0 Amp, 
Fall Time Ip1 = IB2 = —100 mA) 


Total Control Charge 
(Ic = —1.0 Amp, lp = —100 mA, Vcc = —30 V) 


(1) Pulse Test: PW < 300 ys, Duty Cycle < 2.0%. 





“ON” CONDITION CHARACTERISTICS 


FIGURE 1 — DC CURRENT GAIN 


Bb ies pecan 


hee, CURRENT GAIN 





~1.0 ~2.0 = a —10 ~20 —50 ~ 100 ~ 200 —500 — 1000 
lc, COLLECTOR CURRENT (mA) 


FIGURE 2 — COLLECTOR SATURATION REGION 


This graph shows the effect of base current on collector current. Bo (cur- 
rent gain at the edge of saturation) is the current gain of the transistor at 1 
volt, and Gr (forced gain) is the ratio of Ic/Ige in a circuit. EXAMPLE: For type 
2N3734, estimate a base current (Ig-) toBnsure saturation at a temperature of 
25°C and a collector of 500 mA. 

Observe that at lc = 500 mA an overdrive factor of at least 2.0 is required 
to drive the transistor well into the saturation region. From Figure 1, it is seen 
that hee @ 1 volt is typically 54 (guaranteed limits from the Table of Char- 
acteristics can be used for “worst-case” design). 


hee @ 1 Volt 2 = 54 
lo/ ler ~ §00 mA/Ige 


Vee, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


ee ‘ pp ~ 18.5 mA typ 





Bo/ Br, OVERDRIVE FACTOR 
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“ON” VOLTAGE (VOLTS) 


+2V 


ecg a FF A a De 
afb see HE 


see = 
OH et att 
== 


Fl 











—10 = 20" 





PW = 200 ns 
RISE TIME = 2 ns 
DUTY CYCLE = 2% 


LARGE SIGNAL CHARACTERISTICS 


FIGURE 6 — TRANSCONDUCTANCE 
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2N3762 


GURE 3 — “ON” VOLTAGES 
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FIGURE 5 — SWITCHING TIME EQUIVALENT TEST CIRCUITS 
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FIGURE 4 — TEMPERATURE COEFFICIENTS 


| | [stems 
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“OFF” CONDITION CHARACTERISTICS | 


FIGURE 7 — TRANSCONDUCTANCE 
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2N3762 


FIGURE 8 — INPUT ADMITTANCE FIGURE 9 — EFFECT OF BASE-EMITTER RESISTANCE 
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SWITCHING CHARACTERISTICS 
—Ty = 25°C 
~-Ty = 150°C 
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FIGURE 10 — TURN-ON TIME FIGURE 11 — RISE AND FALL TIME 
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t’,, STORAGE TIME (ns) 


Q, CHARGE (nC) 


2N3762 


FIGURE 12 — STORAGE TIME 
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FIGURE 14 — CHARGE DATA 
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FIGURE 13 — FALL TIME 
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FIGURE 15 — CAPACITANCE 
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Ic, COLLECTOR CURRENT (AMPS) 








2N3762 


FIGURE 16 — ACTIVE REGION SAFE OPERATING AREAS 
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The Safe Operating Area Curves indicate Ic — VCE limits 
below which the devices will not go into secondary break- 
down. As the safe operating areas shown are independent of 
temperature and duty cycle, these curves can be used as long 
as the thermal resistance (max rating table) is also taken into 
consideration to insure operation below the maximum 
junction temperature. 
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AML 


ry 
fit 


2N3763 


Bil 





0 — 10 — 20 — 30 — 40 — 50 


SLUT 







— 60 


2N3799* 


MAXIMUM RATINGS 


Characteristic 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


3 Collector 
2 
Base 
j 1 Emitte 
3 2 4, r 


Collector-Emitter Voltage 


Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction Ty, Tstg ~65 to +200 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


Characteristic 





AMPLIFIER TRANSISTOR 


PNP SILICON 


*This is a Motorola 
designated preferred device. 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 








Collector-Emitter Breakdown Voltage 


V(BR)CEO 
(Ic = —10 mAdc, Ig = 0) ; 
Collector-Base Breakdown Voltage V(BR)CBO 
(i¢ = —10 pAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(le = -10 Adc, Ic = 0) 


Collector Cutoff Current ICBO 
(VcB = —50 Vdc, IE = 0) 
(VcB = —50 Vdc, IE = 0, Ta = 150°C) 
Emitter Cutoff Current 
(VER = —4.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = —1.0 wAdc, VcE = —5.0 Vdc) 
(Ic = —10 pAdc, Vce = —5.0 Vdc) 
(i¢ = —100 wAdc, Veg = —5.0 Vdc) 
— 100 Adc, Vcg = —5.0 Vdc, Ta = —55°C) 
~500 pAdc, Vcg = —5.0 Vdc) 
—5.0 Vdc) 
= —5.0 Vdc)(1) 




















Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = —100 pAdc, lp = —10 pAdc) 
(I¢ = —1.0 mAdc, lp = —100 wAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(Ic = —100 wAdc, lp = —10 wAdc) 
(i¢ = ~1.0 mAdc, IR = —100 Adc) 


Base-Emitter On Voltage 
(Ic = —100 wAdc, Vce = —5.0 Vdc) 
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2N3799 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


rr 
- SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(Ic = —500 wAdc, Vce = —5.0 Vdc, f = 20 MHz) 
(Ic = —1.0 mAdc, VcE —5.0 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = —5.0 Vdc, Il_ = 0, f = 1.0 MHz) ; 


Input Capacitance 
(VERB = —0.5 Vdc, Ic = 0, f = 1.0 MHz) 


Input Impedance 
(Il¢ = —1.0 mAdc, Vege = —10 Vde, f = 1.0 kHz) 


Voltage Feedback Ratio 
(I¢ = —1.0 mAdc, VcE = —10 Vdc, f = 1.0 kHz) 


Small-Signal Current Gain 
(Ic = —1.0 mAdc, Vcg = —10 Vdc, f = 1.0 kHz) 


Output Admittance . 
(Ic = —1.0 mAdc, VcE —10 Vdc, f = 1.0 kHz) 


Noise Figure 
(Ic = —100 wAdc, Vce = —10 Vdc, Rg = 3.0 k ohms), 
f = 100 Hz, B.W. = 20 Hz 
Spot 
f = 1.0 kHz, B.W. = 200 Hz 
Noise 
f = 10 kHz, B.W. = 2.0 kHz 









f = 1.0 kHz 


(1) Pulse Test: Pulse Width < 300 ps, Duty Cycle < 2.0% 
(2) fy is defined as the frequency at which |hf¢| extrapolates to unity. 


SPOT NOISE FIGURE 
(VcE = 10 Vdc, Ta = 25°C) 


FIGURE 1 — SOURCE RESISTANCE EFFECTS, f = 1.0 kHz FIGURE 2 — SOURCE RESISTANCE EFFECTS, f = 10 Hz 
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NOISE FIGURE (dB) 


FIGURE 3 — FREQUENCY EFFECTS 





LT 


Ig = =10 uA, Rg = = 100 ko. 
c= 1.0 mA, Rg = 10k a 


























f, FREQUENCY (Hz) 


2N3799 


hre, dc CURRENT GAIN 


FIGURE 4 — TYPICAL CURRENT 
GAIN CHARACTERISTICS — 2N3799 
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2N3947* 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 










3 Collector 


2 
Base 


30, 1 Emitter 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


GENERAL PURPOSE 
THERMAL CHARACTERISTICS TRANSISTOR 


Characteristic Symbol 
Thermal Resistance, Junction to Case ReJc 


Thermal Resistance, Junction to Ambient R@JA 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 









NPN SILICON 


*This is a Motorola 
designated preferred device. 



















OFF CHARACTERISTICS 








Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vde 
(Ic = 10 mAdc) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(lc = 10 pAdc, Ie = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 10 pAdc, Ic = 0) 


Collector Cutoff Current ICEX pAdc 
(VcE = 40 Vdc, Veg = 3.0 Vdc) 
(VcE = 40 Vdc, Veg = 3.0 Vde, Ta = 150°C) 
Base Cutoff Current IBL 025 pAdc 
~ (VCE = 40 Vde, Veg = 3.0 Vdc) 
ON CHARACTERISTICS 
DC Current Gain 
(I¢ = 0.1 mAdc, Vcg = 1.0 Vdc) 
(Ic = 1.0 mAdc, VcgE = 1.0 Vdc) 


(Ic = 10 mAdc, Veg = 1.0 Vdc)(1) 
(Ic = 50 mAdc, Vcg = 1.0 Vdce)(1) 
Collector-Emitter Saturation Voltage(1) 
(Ic = 10 mAdc, Ip = 1.0 mAdc) 
(I¢ = 50 mAdc, Ig = 5.0 mAdc) 
Base-Emitter Saturation Voltage(1) 
(Ic = 10 mAdc, Ig = 1.0 mAdc) 
(Ic = 50 mAdc, Ip = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS _ 


Current Gain — Bandwidth Product 
(Ic = 10 mAdc, Vege = 20 Vdc, f = 100 MHz) 










































Output Capacitance 
(VcB = 10 Vde, Ig = 0, f = 1.0 MHz) 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


a 
C; 


Input Capacitance 
(VEB = 1.0 Vde, Ic = 0, f = 1.0 MHz) 


Input impedance 
(Ic = 1.0 mA, VcE = 10 V, f = 1.0 kHz) 


Small-Signal Current Gain 


(Ic 


= 1.0 mA, VcE = 10 V, f = 1.0 kHz) 


Output Admittance 


(Ic 


Collector Base Time Constant rb’C, 
(Ic = 10 mA, VcE = 20 V, f = 31.8 MHz) 


Noise Figure 
(Ic = 









= 10 mA, VcgE = 10 V, f = 1.0 kHz) 


100 wA, VcE = 5.0 V, Rg = 1.0 k®, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 


atl Time 


Ic = 10 mAdc, |p1 = 


= |Ip2 = 1.0 mAdc 


Vcc = 3.0 Vdc, Vege = —0.5 Vde 
1.0 mA 


Vcc = 3.0V, Ic = 10 mA, 


Voltage Feedback Ratio 
(ic = 1.0 mA, VcE = 10 V, f = 1.0 kHz) 











Fall Time IB1 


(1) Pulse Test: PW < 300 us, Duty Cycle < 2% 


TIME (ns) 





TYPICAL SWITCHING CHARACTERISTICS 
(TA = 25°C unless otherwise noted) 


FIGURE 1 — DELAY AND RISE TIME 
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FIGURE 2 — RISE TIME 
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FIGURE 3 — STORAGE AND FALL TIMES 
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FIGURE 4 — TURN-ON TIME EQUIVALENT TEST CIRCUIT 
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FIGURE 5 — TURN-OFF TIME EQUIVALENT TEST CIRCUIT 
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“TOTAL SHUNT CAPACITANCE OF TEST JIG AND CONNECTORS 
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NF. HOISE FIGURE (db) 


h;, (Kohms) 
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AUDIO SMALL-SIGNAL CHARACTERISTICS 


FIGURE 6 — NOISE FIGURE VARIATIONS 
VcE = 5.0 V, Ta = 25°C 
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FIGURE 7 — CURRENT GAIN 
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FIGURE 9 — INPUT IMPEDANCE 
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FIGURE 8 — OUTPUT CAPACITANCE 
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FIGURE 10 — VOLTAGE FEEDBACK RATIO 
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2N3947 


FIGURE 11 — CURRENT GAIN CHARACTERISTICS 
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FIGURE 14 — COLLECTOR SATURATION REGION 
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VOLTAGE (VOLTS) 


2N3947 


FIGURE 15 — “ON” VOLTAGES 
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FIGURE 16 — TEMPERATURE COEFFICIENTS 
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MAXIMUM RATINGS 2 N3963, 2N3964* 


Collector-Emitter Voltage 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


3 Collector 
2 
Base 
345 1 . 1 Emitter 


Collector-Base Voltage | 
Emitter-Base Voltage 
Collector Current — Continuous 


Total Device Dissipation 
@ Tp = 25°C 
Derate above 25°C 
Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 


AMPLIFIER TRANSISTORS 


PNP SILICON 


Characteristic 
*This is a Motorola 
designated preferred device. 


Thermal Resistance, Junction to Ambient 





Thermal Resistance, Junction to Case 
Refer to 2N3799 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| Min | Max | Unit __| 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(l¢ = —5.0 mA) 2N3963 
2N3964 





Collector-Emitter Breakdown Voltage 
(I¢ = —10 pA) 2N3963 
2N3964 


Collector-Base Breakdown Voltage 
(I¢ = —10 pA) 2N3963 
2N3964 


Emitter-Base Breakdown Voltage 
(IE = —10 pA 


Collector Cutoff Current | 
(VcE = —40V) 
(VcE = —70 V) 
Collector Cutoff Current 


(VcE = —70 V) 2N3963 
(VcE = —40V) 2N3964 


Emitter Cutoff Current 
(VeR = —4.0 V) 

ON CHARACTERISTICS 

DC Current Gain 


(Ic = —10 pA, VcE = —5.0 V) 2N3963 
2N3964 


(ic = —100 wA, Vcg = —5.0 V) 2N3963 
2N3964 


(ic = —1.0 mA, Vcg = —5.0) 2N3963 
2N3964 


(ic = —10 wA, Veg = —5.0, Ta = —55°C) 2N3963 
2N3964 





(continued) 
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2N3963, 2N3964 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Symbol_| Min | Max | Unit _| 


DC Current Gain continued 


(Ic = —1.0 mA, VcE = —5.0 V, Ta = 100°C)) 2N3963 — 
2N3964 ane 

(ic = —1.0 pA, Voce = —5.0 V) 2N3963 60 
2N3964 180 

(ic = —10 vA, Voce = —5.0 V) 2N3963 100 
2N3964 200 

(ic = —50 mA, VcE = —5.0)(1) 2N3963 90 
2N3964 180 

(ic = —50 mA, Vce = —5.0, Ta = —55°C)(1) ——- 2N3963 as 
2N3964 





Collector-Emitter Saturation Voltage 
(I¢ = —10 mA, Ip = —0.5 mA)(1) 
(ic = —50 mA, Ig = —5.0 mA)(1) 





Base-Emitter Saturation Voltage 
(I¢ = —10 mA, Ip = —0.5 mA)(1) 


“™ mE 
VBE(sat) 
(ic = —50 mA, Ig = —5.0 mA)(1) 
SMALL-SIGNAL CHARACTERISTICS 


Ouput Capacitance Cobo 
(VcB = —5.0 V, f = 1.0 MHz) 

Input Capacitance Cibo 
(VER = —0.5 V, f = 1.0 MHz) 


Input Impedance 
100 550 
250 700 


(Ic = -—1.0 mA, VcE = —5.0V, f = 1.0 kHz) 2N3963 
" aries 





Voltage Feedback Ratio 
(Ic = —1.0 mA, Vcg = —5.0, f = 1.0 kHz) 


Small Signal Current Gain 
(Ic = —1.0 mA, VceE = —5.0 V, f = 1.0 kHz) 2N3963 
2N3964 
Magnitude of Forward Current Transfer Ratio, Common-Emitter 


(ic = —0.5 mA, VcE = —5.0 V, f = 20 MHz) 2N3963 
2N3964 














Output Admittance 
(Ic = —1.0 mA, Vcge = —5.0, f = 1.0 kHz) 2N3963 
2N3964 


pmhos 












Noise Figure 
(i¢ = —20 mA, VcE = —5.0 V, BW = 15.7 kHz) 2N3963 
2N3964 






(Ic = —20 nA, VcE = —5.0 V, BW = 1.5 kHz, 2N3963 
f = 10 kHz, Rg = 10 kQ) 2N3964 






(IC = —20 nA, Vce = —5.0 V, BW = 150 Hz, 2N3963 
f = 1.0 kHz, Rg = 10 kQ) 2N3964 






(ic = -20 vA, VcE = —5.0 V, BW = 15 Hz, 2N3963 
f = 100 Hz, Rg = 10 hQ) 2N3964 






(ic = —20 pA, VceE = —5.0 V, BW = 2.0 Hz, 2N3964 
f = 10 Hz, Rs = 10 kQ) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


2N3964 
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2N4014 


MAXIMUM RATINGS 

Collector-Emitter Voltage VCEO 
Collector-Base Voltage VCBO 
Emitter-Base Voltage VEBO 


Collector Current — Continuous Ic Adc 
— Peak 












CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


3 Collector 
2 
Base 
3 5 Uy 


1 Emitter 





Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


THERMAL CHARACTERISTICS 


Symbol 


Thermal Resistance, Junction to Ambient R@JA 


Thermal Resistance, Junction to Case ReJc 






SWITCHING TRANSISTOR 


NPN SILICON 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol [win | tw [Max [unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) V(BR)CEO Vdc 
(Ic = 10 mAdc, Ip = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(Ic = 10 wAdc, VBE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 10 wAdc, Ie = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(le = 10 wAdc, Ic = 0) 


Collector Cutoff Current ICBO 
(VcR = 60 Vdc, Ie = 0) 
ICES 


(VcB = 60 Vdc, IE = 0, Ta = 100°C) 


Collector Cutoff Current 
(VcE = 80 Vdc, Veg = 0) 
ON CHARACTERISTICS(1) . 


DC Current Gain 

(ic = 10 mAdc, VcE = 1.0 Vdc) 

(Ic = 100 mAdc, VcE = 1.0 Vdc) 
(Ic = 100 mAdc, VcE = 1.0 Vdc, Ta 





(Ic = 300 mAdc, VcE = 1.0 Vdc) 

(Ic = 500 mAdc, VcE = 1.0 Vdc) 

(ic = 500 mAdc, VcE = 1.0 Vdc, Ta 
(Ic = 800 mAdc, VcE = 2.0 Vdc) 
(Ic = 1.0 Adc, VcE = 5.0 Vdc) 





(continued) 
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2N4014 






















ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Collector-Emitter Saturation Voltage VCE(sat) 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 
(I¢ = 100 mAdc, Ig = 10 mAdc) 
(I¢ = 300 mAdc, Ip = 30 mAdc) 
(I¢ = 500 mAdc, Ip = 50 mAdc) 
(l¢ = 800 mAdc, Ip = 80 mAdc) 
(Ic = 1.0 mAdc, IRB = 100 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) 
(Ic = 10 mAdc, Ig = 1.0 mAdc) 
(lc = 100 mAdc, !g = 10 mAdc} 
(Ic = 300 mAdc, Ip = 30 mAdc) 
(I¢ = 500 mAdc, Ip = 50 mAdc) 
(I¢ = 800 mAdc, Ip = 80 mAdc) 
(I¢ = 1.0 Adc, IR = 100 mAdc) 
SMALL-SIGNAL CHARACTERISTICS 






Output Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


Input Capacitance 
(VER = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Delay Time (Vcc = 30 Vdc, VBE(off) = 3.8 Vdc, 


, F Ic = 500 mAdc, | = 50 mAdc) 
Rise Time C *'BI 
(Figures 8,10) 
Storage Time 


(Vcc = 30 Vdc, Ic = 500 mAdc, 
; IB1 = Ip2 = 50 mAdc) 
Fall T Bi ~ 'B2 
lures 9.10 
Turn-Off Time 
Ip1 = Ip2 = 50 mAdc) 
(Figures 9, 10) 


(Vcc = 30 Vdc, VBE(off) = 3.8 Vdc, 
Ic = 500 mAdc, Ipy = 50 mAdc) 

(1) Pulse Test: Pulse Width = 300 us, Duty Cycle = 1.0%. 

(2) fT = |hfel + ftest. 
































(Figures 8, 10) 
(Vcc = 30 Vdc, Ic = 500 mAdc, 








FIGURE 1 — ACTIVE-REGION SAFE OPERATING AREA 
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hee, DC CURRENT GAIN 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


ft, CURRENT-GAIN-BANOWIDTH PRODUCT (MHz) 


2N4014 


TYPICAL DC CHARACTERISTICS 


FIGURE 2 — DC CURRENT GAIN 
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FIGURE 4 — COLLECTOR SATURATION REGION 
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FIGURE 3 — “ON” VOLTAGES 
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FIGURE 5 — TEMPERATURE COEFFICIENTS 
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TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 6 — CURRENT-GAIN — BANDWIDTH PRODUCT 
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2N4014 
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2N4032 
2N4033 


CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C : 

Operating and Storage Junction Ty, Tstg —65 to +200 *C 
Temperature Range 

THERMAL CHARACTERISTICS 


[Characteristic ———~—~«dY’~«Symbol 
Thermal Resistance, Junction to Case 
Refer to 2N4404 for graphs. 





3 Collector 
2 
Base 
3 
let 


1 Emitter 


GENERAL PURPOSE 
TRANSISTORS 


PNP SILICON 













ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 
V(BR)CEO | V 
~60 
~80 


Collector-Emitter Breakdown Voltage(1) 
(Ic = —10 mA) © ; 2N4032 
V(BR)CBO V 
—60 
—80 


2N4033 
V 
nA 



















Collector-Base Breakdown Voltage 
(Ic = —10 pA) 2N4032 
2N4033 


Emitter-Base Breakdown Voltage 
(l—E = —10 pA) 




















Collector Cutoff Current ICBO 
(Vcp = —50 V) 2N4032 
(Vcg = —60 V) 2N4033 
(VcR = —50 V, Ta = 150°C) 2N4032 
(VcB = —60 V, Ta = 150°C) 2N4033 







Emitter Cutoff Current 
(Veg = —5.0 V) 


ON CHARACTERISTICS 


DC Current Gain 
(i¢ = —100 mA, VcE = —5.0 V, @ —55°C)(1) 2N4032,33 









(Ic = —100 pA, VcE = —5.0 V) 2N4032,33 
(ic = —100 mA, VcE = —5.0 V)(1) _ 2N4032,33 


(Ic = —500 mA, Vcg = —5.0 V)(1) 2N4032,33 









(Ic = —1.0 A, Vcg = —5.0 V)F(1) 2N4032 
2N4033 
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2N4032, 2N4033 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Collector-Emitter Saturation Voltage(1) 
(Ic = —150 mA, Ip = —15 mA) 
(I¢ = —500 mA, lg = —50 mA) 
(I¢ = —1.0 A, lp = —100 mA) 


Base-Emitter On Voltage 
(Ic = —1.0 A, Vce = —1.0 V) 2N4032 
(Ic = —500 mA, Vce = —0.5 V)(1) 


SMALL-SIGNAL CHARACTERISTICS 
Ouput Capacitance 


(VcE = —10V, f = 1.0 MHz) 


Input Capacitance 
(VEg = —0.5 V, f = 1.0 MHz) 


Small Signal Current Gain 
(I¢ = —50 mA, Vcge = —10 V, f = 100 MHz) 


SWITCHING CHARACTERISTICS 


Storage Time 
(I¢ = —500 mA, Ip1 = Ip2 = —50 mA) 


Turn-On Time 
(Ic = —500 mA, Ip, = —50 mA) 


Fall Time 
(I¢ = —500 mA, lpi = Ip2 = —50 mA) 


(1) Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 
[Rating | Symbot [anos [anos 


7.0 
0 
0 


-2N4036 
2N4037 


CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 


[ease Curent de 
Collector Current — Continuous 


Continuous Power Dissipation 
at or Below Tc = 25°C 
Linear Derating Factor 


Ic 
3 Collector 

Continuous Power Dissipation 

at or Below Ta = 25°C 1. y) 

Linear Derating Factor 5.72 : Base | 
Operating and Storage Junction Ty, Tstg —65 to +200 °C 3 1 Emir 

Temperature Range 2° 1 

Lead Temperature TL 230 °C 

1/16” from Case for 10 Seconds 
GENERAL PURPOSE 


THERMAL CHARACTERISTICS | TRANSISTORS 


Characteristic Symbol | 2N4036 | 2N4037 


Thermal Resistance, Junction to Case Ra@Jc °C/W hus staph 


5 














ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit _| 
hFE 20 = 
15 — 
40 140 
50 250 
20 200 
(Ic = —500 mAdc, VcE = —10 V)(1) 2N4036 20 ae 
Collector-Emitter Saturation Voltage (Ic = —150 mA, Ig = —15 mA)(1) 2N4036 VCE(sat) 
2N4037 


Base-Emitter Saturation Voltage (I¢ = —150 mA, IRB = —15 mA)(1) 2N4036 VBE(sat) Ream ee ae ae 





OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (lc = —100 mAdc, Ip = 0)(1) 2N4036 
2N4037 


Collector-Base Breakdown Voltage (ic = —0.1 mAdc) 2N4037 V(BR)CBO 

Collector Cutoff Current (Vce = —85V, Veg = —1.5 V) 2N4036 ICEX 
(VcE = —30V, Veg = —1.5 V, Tc = 150°C) 2N4037 

Collector Cutoff Current (Vcp = —90V, IE = 0) 2N4036 ICBO 
(VcB = —60V, ig = 0) 2N4037 


Emitter Cutoff Current (Veg = —7.0 Vdc, ic = 0) 2N4036 lEBO 
(VERB = —5.0 Vdc, Ic = 0) 2N4037 


ON CHARACTERISTICS 





















DC Current Gain 





(I¢ = —0.1 mAdc, Veg = —10 V) 2N4036 


(Ic = —1.0 mAde, Veg = —10 V) 2N4037 


~150 mAdc, Vcg = —10 V)(1) 2N4036 
2N4037 


(Ic 


(I¢ = —180 mAdc, Vcfe = —2.0 V)(1) 2N4036 





Base-Emitter On Voltage (Ic = —150 mA, Vcg = —10 V)(1) 2N4037 VBE(on) 
SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance (VcR = —10V,f = 1.0 MHz) 2N4037 a 


Cob 
Current Gain — High Frequency 2N4036 
(IC = —50 mA, VcE = —10 V, f = 20 MHz) 2N4037 
SWITCHING CHARACTERISTICS 
[Rise Time gi =—15ma)—S~S~*~“‘*~“*~*‘“‘“*~*~*S*~S~*~« NAO TOCSY 
[Storage Time (iggy =-1Sma)——=S=S~S~*~S~«SNMOG | te SST «YC 
Fall Time (Igg = —15mA) _ 2n4036 | ste. =| SC — S| S00 
eee ee 
ae 

















Turn-On Time (igi = Ipa) 2N4036 ton 
Turn-Off Time (lp7 = Ip) 
(1) Pulse Width < 300 us, Duty Cycle < 2.0% 


2N4036 
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Icpo, COLLECTOR CUTOFF CURRENT (mA) 


hFE, SMALL-SIGNAL FORWARD 


hee, NORMALIZED OC CURRENT GAIN 
= 


2N4036, 2N4037 


FIGURE 1 — CURRENT GAIN CHARACTERISTICS versus 
COLLECTOR-EMITTER VOLTAGE 
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FIGURE 3 — TYPICAL COLLECTOR-CUTOFF CURRENT versus 
JUNCTION TEMPERATURE 
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FIGURE 5 — TYPICAL SMALL-SIGNAL BETA 
CHARACTERISTICS 





COLLECTOR-TO-EMITTER VOLTAGE 
(VcE) = -10 V 

FREQUENCY = 20 MHz 

AMBIENT TEMPERATURE (Ta) = 25°C 


| Has 


-1.0 -10 -100 -1000 
Ic, COLLECTOR CURRENT (mA) 
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FIGURE 2 — DISSIPATION DERATING CURVE 
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FIGURE 4 — TYPICAL SATURATION-VOLTAGE 
CHARACTERISTICS 


Ic, COLLECTOR CURRENT (mA) 





VeE(sat COLLECTOR-TO-EMITTER SATURATION VOLTAGE (V) — 


FIGURE 6 — MAXIMUM SAFE OPERATING AREAS (SOA) 
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MAXIMUM RATINGS | 
[Rating ————SS~*d;SS mbt [Value unt 









CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 







3 Collector 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 





1 Emitter 


THERMAL CHARACTERISTICS 


Symbol | Max 
Thermal Resistance, Junction to Ambient R@JA 
Thermal Resistance, Junction to Case Rec | 146 | 


SWITCHING TRANSISTOR 







PNP SILICON 









ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol 


Collector-Emitter Breakdown Voltage(1) (Ic = —3.0 mAdc, Ig = 0) V(BR)CEO 


Collector-Emitter Breakdown Voltage (Ic = —100 wAdc, Vgg = 0) V(BR)CES 
Collector-Base Breakdown Voltage (Ic = —100 Adc, IE = 0) ViBR)CBO 


Emitter-Base Breakdown Voltage (IE = — 100 wAdc, Ic = 0) V(BR)EBO 


Collector Cutoff Current (VcE = —6.0 Vdc, Vee = 0) 


(VCE = —6.0 Vdc, Vee = 0, TA = 125°C) 
VCE(sat) 


Base Current (VcE = —6.0 Vdc, Vee = 0) . 































ON CHARACTERISTICS 


DC Current Gain 

(Ic = —1.0 mAdc, VcfE = —0.5 Vdc) 
(i¢ = —10 mAdc, Vcge = —0.3 Vdc)(1) 
(Ic = —10 mAdc, VcgE = -—0.3 Vdc, Ta = —55°C)(1) 
(I¢ = —50 mAdc, VcgE = —1.0 Vde)(1) 


Collector-Emitter Saturation Voltage 
(I¢ = —1.0 mAdc, lg = —0.1 mAdc) © 
(I¢ = —10 mAdc, Ip = — 1.0 mAdc)(1) 

(I¢ = —50 mAdc, Ig = —5.0 mAdc)(1) 


Base-Emitter Saturation Voltage 
(I¢ = —1.0 mAdc, IR = — 0.1 mAdc) 
(I¢ = —10 mAdc, lp = —1.0 mAdc)(1) 

(Ic = —50 mAdc, Ip = —5.0 mAdc)(1) 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Symbol_| Min | Max | Unit 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
Ic = —10 mAdc, Vcge = —10 Vdc, f = 100 MHz) 


Output Capacitance 


(Vcp = —5.0 Vdc, le = 0, f = 1.0 MHz) 


Input Capacitance 
(VEgB = —0.5 Vdc, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 
Turn-On Time 








(Vcc = —1.5 Vdc, VpE = 9, 


Delay Time Ic = —10 mAdc, Ig1 = —1.0 mAdc) 


Turn-Off Time 


— 1.5 Vdc, 


(V 
: 
Fall Time IB 


Storage Time 
(I¢ = —10 mAdc, Ip, ~ —10 mAdc, Ip2 ~ —10 mAdc) 
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0% 
(2) f7 is defined as the freqency at which |h¢g| extrapolates to unity. 


1 = Ip2 = —1.0 mAdc) 
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2N4404 


MAXIMUM RATINGS | 2N4405 | 


CASE 79-04, STYLE 1 
TO-39 (TO-205AD) _ 
VcBo 


Collector Current — Continuous 
Total Device Dissipation @ Ta = 25°C a 


3 Collector 


2 
Base 
1 


Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


2 1 Emitter 





GENERAL PURPOSE 
TRANSISTORS 


PNP SILICON 


Thermal Resistance, Junction to Ambient 
Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 





OFF CHARACTERISTICS 





Collector-Base Breakdown Voltage (ic = ~—10 wAdc, IE = 0) 
Emitter-Base Breakdown Voltage (Ip = —10 wAdc, ic = 0) 
Collector Cutoff Current (Vcg = —60 Vdc, IE = 0) 


Emitter Cutoff Current (Veg = —3.0 Vdc, Ic = 0) | IeBo 
hFE 





Collector-Emitter Breakdown Voltage(1) (Ic = —10 mAdc, Ip = 0) 















ON CHARACTERISTICS 


DC Current Gain 
(Ic = —0.1 mAdc, Vcg = —5.0 Vdc) 2N4404 
2N4405 













(Ic = —10 mAdc, VcE = —5.0 Vdc)(1) 2N4404 
2N4405 











(Ic = —150 mAdc, Vcge = —5.0 Vde)(1) 2N4404 
2N4405 












(Ic = —500 mAdc, VcgE = —5.0 Vdc)(1) 2N4404 
2N4405 











Collector-Emitter Saturation Voltage 
(I¢ = —10 mAdc, Ip = —1.0 mAdc)(1) 
(Ic = —150 mAdc, Ip = —15 mAdc)(1) 
(Ic = —500 mAdc, Ip = —50 mAdc)(1) 


Base-Emitter Saturation Voltage 


50 
_ & 
(Ic = —10 mAdc, lp = —1.0 mAdc)(1) 


VBE(sat) 
(I¢ = —500 mAdc, Ip = —50 mAdc)(1) ; 
Base-Emitter On Voltage VBE(on) Vdc 
(Ic = —150 mAdc, Vcg = —1.0 Vde)(1) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = —50 mAdc, Vcfe = —20 Vdc, f = 100 MHz) 


Collector-Base Capacitance 
(Ic = —10 Vde, IE = 0, f = 1.0 MHz) 





















Emitter-Base Capacitance 
(VERB = —0.5 Vdc, Ic = 0, f = 1.0 MHz) 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


[Symbot [win [Max [Unt 





Characteristic 


SWITCHING CHARACTERISTICS 


Delay Time 


Ic = —500 mAdc, Ipy = —50 mAdc) 


— 30 Vdc, Ic = —500 mAdc, 


(Vc 
1B1 B2 = —50 mAdc) 


(Vcc = —30 Vdc, VBE(off) = +2.0 Vdc, 





Fall Time 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


SWITCHING TIME EQUIVALENT TEST CIRCUITS 


FIGURE 1 — TURN-ON 





FIGURE 2 — TURN-OFF 








~30V 
2<t, <500 us 
+2.0V to <5.0ns 
¥ ty >1.0uS Ro 259 2 
| Seane DUTY CYCLE = 2.0% aie 
~10.85 V 


PULSE WIDTH = 200 ns 
RISE TIME < 2.0 ns 
DUTY CYCLE £2.0% 








TRANSIENT CHARACTERISTICS 
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Ic, COLLECTOR CURRENT (mA) 
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FIGURE 7 — STORAGE TIME FIGURE 8 — FALL TIME 
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h PARAMETERS 
Vce = 10 Vdc, f = 1.0 kHz, Ta = 25°C 


This group of graphs illustrates the relationship of the ‘’h’’ parameters for this series of transistors. To obtain these 
curves, 4 units were selected and identified by number — the same units were used to develop curves on each graph. 





























































































FIGURE 11 — CURRENT GAIN FIGURE 12 — INPUT IMPEDANCE 
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hre, VOLTAGE FEEDBACK RATIO (X10-4) 


hee, OC CURRENT GAIN (NORMALIZED) 


2N4404, 2N4405 


FIGURE 13 — VOLTAGE FEEDBACK RATIO FIGURE 14 — OUTPUT ADMITTANCE 
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FIGURE 15 — DC CURRENT GAIN 
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Ic, COLLECTOR CURRENT (mA) 


FIGURE 16 — COLLECTOR SATURATION REGION 
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FIGURE 17 — “ON” VOLTAGES — FIGURE 18 — TEMPERATURE COEFFICIENTS 
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FIGURE 19 — SAFE OPERATING AREA 
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MAXIMUM RATINGS 


CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 


3 Collector 
2 
Rase 
3 1 1 Emitter 


2 


*Collector Current — Continuous* 

Total Device Dissipation @ Ta = 25°C* 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C* 
Derate above 25°C 





THERMAL CHARACTERISTICS GENERAL PURPOSE 


[Characteristic ————=«|“Symbot_| Max | Unit TRANSISTOR 
Thermal Resistance, Junction to Ambient | Raa | 140 | cow | 
Thermal Resistance to Case °C/W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Uni 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) (Ic = —10mAdc, Ip = 0) V(BR)CEO 


Emitter Cutoff Current (Veg = —3.0 Vde, Ic = 0) | leBo | 


ON CHARACTERISTICS(1) 


DC Current Gain FE 
(i¢ = —10 mAdc, Vce = —5.0 Vdc) 
(I¢ = —150 mAdc, Vcg = —5.0 Vdc) 
(I¢ = —500 mAdc, Vcg = —5.0 Vdc) 
(Ic = —1.0 Adc, Vee = ~—5.0 Vde) 
(I¢ = —1.5 Adc, VcE = —5.0 Vdc) 






PNP SILICON 





Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = -—150 mAdc, IR = — 15 mAdc) 
(Ic = —500 mAde, Ip = —50 mAdc) 
(Ic = —1.0 Adc, IR = —100 mAdc) 
(Ic = —1.5 Ade, Ig = —150 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = —150 mAdc, Ip = — 15 mAdc) 
(Ic = —1.0 Ade, Ig = — 100 mAdc) 
(IC = —1.5 Adc, Ip = — 150 mAdc) 


Current-Gain — Bandwidth Product 
(I¢ = —50 mAdc, VcE = —20 Vdc, f = 100 MHz) 





Emitter-Base Capacitance (Veg = —0.5 Vdc, Ic = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
*Indicates Data in addition to JEDEC Requirements. 
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ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted. ) 


Characteristics | Symbot_ | Min | Max | Unit _ | 


SWITCHING CHARACTERISTICS 
(Voc = —30 Vdc, VBE(off) = +2.0 Vac, 





(Voc = —30 Vde, I¢ = —1.0 Ade, 
Fall Time Ip1 = '|B2 = —100mAdc) 


STATIC CHARACTERISTICS | 
FIGURE 1 — DC CURRENT GAIN FIGURE 2 — COLLECTOR SATURATION REGION | 



















25 -—— 7 ge 10 
eee Z bead eatin faces Hern 
oy oe sail ARS NaS Ul = ten om Hl [eam Tit aa LT 
: Sa me WS | < (SMAOMATUNGMAAROGIII METRLHIT 
Ba Toe ES : SL EE ELLEN 
2 Fee ot eal PSY LS a: 06 NT 
z Sai -—} +t slimes cos LT TTT TET TA TTR 
Sof —+ Ht eet er EEE EE ETE AW ETT 
E05 pec NS = (NITION TTT 
ECS Ny fC 
: Hee Ve = -1V 8 : 
{ee 
ae O61 A se ss HE ET 
1.0 -—2,.0—3.0-—5.0-—10 -—20-—30—50 -—100 —200—300-—500— 1000 —0.1 —0.2 —0.5 -10 —2.0 —50 -—10 —20 —50 —100 
Ic, COLLECTOR CURRENT (mA) Ip, BASE CURRENT (mA) 
FIGURE 3 — “ON” VOLTAGES | FIGURE 4 — TEMPERATURE COEFFICIENTS 


— 1.0 












AEROU R001 RON) RE BVA 

COCCI CoE 
CCT Cer 
COCCI Cece TT 

CTI T Pee CUCU 
Cee Tr Tn Tr 
Coe rrr Cece 
UCI ee 
mE Via) @loe = © DAF ESET eee COC 
EES) CIT 


-10 -20 -50 -—10 -—20 -—50 —100 —200 -500 —1000 -10 -20 -50 -—10 -20 -50 —100 —200 -—500 — 1000 
Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 


eat ci 
TU eer 


ety vA = 10) Beanie 
dee VBE(on) @ Vce = —1.0V 
Beeeee 


TT 
Co oti 
PE TE 


PU EE ET ETAT 
ae HH ietlatddlll fe 





| 
S 
—) 

















Oo 











— 1.0 


VOLTAGE (VOLTS) 
COEFFICIENT (mV/°C) 











FIGURE 5 — SAFE OPERATING AREA 
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CAPACITANCE (pF) 


t, TIME (ns) 





2N4407 


TRANSIENT CHARACTERISTICS 
25°C 100°C 


FIGURE 6 —- CAPACITANCES FIGURE 7 — CHARGE DATA 
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SWITCHING TIME EQUIVALENT TEST CIRCUITS 
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2N4931 


MAXIMUM RATINGS 


CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 









Collector-Base Voltage VCBO 
Emitter-Base Voltage Vepo | -40 | Vdc _| 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 5.0 Watt 
Derate above 25°C 28.6 mW/°C 

Operating and Storage Junction Ty, Tstg | —65 to +200 8 
Temperature Range 


THERMAL CHARACTERISTICS 
‘Characteristic 







3 Collector 





1 Emitter 








GENERAL PURPOSE 
TRANSISTOR 


PNP SILICON 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol_| Min | Max | Unit 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vdc 
(Ic = —10 mAdc, Ig = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(le = 0,l¢ = —100 pAdc) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = —100 pAde, Ic = 0) 





Emitter Cutoff Current 





Collector Cutoff Current ICBO 
(VcB = — 150 Vdc, Ig = 0) 


(VER = —3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(ic = —1.0 mAdc, VcE = —10 Vdc) 
(ic = —10 mAdc, Vee = —10 Vde)(1) 
(I¢ = —30 mAdc, Vce = —10 Vdc)(1) 






Collector-Emitter Saturation Voltage(1) VCE(sat) 


(Ic = —10 mAdc, Ip = —1.0 mAdc) 
VBE(on) 


Base-Emitter On Voltage 
(IC = —10 mAdc, Vee = —10 Vdc) 
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2N4931 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
| Characteristic | Symbot | Min | Mex | Unit 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = —20 mAdc, Vcg = —20 Vdc, f = 100 MHz) 


Collector-Base Capacitance 


(VcB = —20 Vdc, Ile = 0, f = 1.0 MHz) 


Emitter-Base Capacitance 
(VEB = —0.5 Vdc, Ic = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%. 
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2N5058 


MAXIMUM RATINGS 
Rating CASE 79-04, STYLE 1 


TO-39 (TO-205AD) 


. 3 Collector 
2 
Base 
3 ; 
oF 1 Emitter 


Collector-Emitter Voltage 


Collector-Base Voltage VcBO | 300 Vdc 
Emitter-Base Voltage VEBO Vde 
Collector Current — Continuous | ie ~~ | 150] made | 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 















THERMAL CHARACTERISTICS GENERAL PURPOSE 

Characteristic [Symbot_[ Max | Unit | TRANSISTOR 
Thermal Resistance, Junction to Ambient NPN SILICON 
Thermal Resistance, Junction to Case °C/W 








Refer to 2N3724 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| Min | Max | Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (2) 
(Ic = 30 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage 
(Ic = 100 wAdc, Ie = 0) 


Emitter-Base Breakdown Voltage 
(le = 100 pAdc, I¢ = 0) 


Collector Cutoff Current (Vcp = 100 Vdc, Ig 


= Q) 
(VcB = 100 Vdc, IE = 


0 
0, TA = +125°C) 





ON CHARACTERISTICS (2) 












DC Current Gain 
(I¢ = 5.0 mAdc, Vcfg = 25 Vdc) 
(I¢ = 30 mAdc, VcgE = 25 Vdc) 
(Ic = 30 mAdc, VcE = 25 Vde, Ta = —55°C) 


hFE 
(I¢ = 100 mAdc, Vcg = 25 Vdc) 


| 0 
Collector-Emitter Saturation Voltage (Ic = 30 mAdc, Ip = 3.0 mAdc) | Vcesat) | — | 10 | Vdc 

| 085 | 

| 082 

| 160 

| 0 










Base-Emitter Saturation Voltage (ic = 30 mAdc, lp = 3.0 mAdc) VBE(sat) 


Base-Emitter On Voltage (Ic = 30 mAdc, Vcg = 25 Vdc) VBE(on) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product (3) (I¢ = 10 mAdc, Vcg = 25 Vdc, f = 20 MHz) 


Collector-Base Capacitance (Vcpg = 10 Vdc, IE = 0, f = 1.0 MHz) 


Emitter-Base Capacitance (Veg = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


(1) Reya is measured with the device soldered into a typical printed circuit board. 
(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
(3) f7 is defined as the frequency at which the |h¢g| extrapolates to unity. 
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2N6431* 


MAXIMUM RATINGS 
Rating 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


3 Collector 
2 
Base 
3 . 
2 4 1 Emitter 


GENERAL PURPOSE 
TRANSISTOR 


NPN SILICON 


Total Device Dissipation @ Ta = 25°C 


Derate above 25°C 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 









Symbol 
Thermal Resistance, Junction to Ambient RgJA 
Thermal Resistance, Junction to Case R@JC Z 









*This is a Motorola 
designated preferred device. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po Characteristic | Symbol | min | Max [Unit 


OFF CHARACTERISTICS 











Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(I¢ = 0.1 mAdc, IE = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(le = 0.1 mAdc, Ic = 0) 
(Ic = —1.0 mAdc, VcE = 10 Vdc) 
Current-Gain — Bandwidth Product fT 
(I¢ = 10 mAdc, Vcg = 20 Vdc, f = 100 MHz) 
cb 















Emitter Cutoff Current 
(Veg = 4.0 Vdc, Ic = 0) 
ON CHARACTERISTICS 
FE 
25 
40 
(I¢ = 30 mAdc, Vcg = 10 Vdc)(1) 50 
Collector-Emitter Saturation Voltage VCE(sat) 
(l¢ = 20 mAdc, Ip = 2.0 mAdc)(1) 
Base-Emitter Saturation Voltage VBE(sat) 
(l¢ = 20 mAdc, Ip = 2.0 mAdc)(1) 


DC Current Gain 
SMALL-SIGNAL CHARACTERISTICS 


Collector Cutoff Current ICBO pAdc 
(VcB = 200 Vdc) 
(I¢ = 10 mAdc, Vcg = 10 Vdc)(1) 

Collector-Base Capacitance Cc 


(VcB = 20 Vdc, Ie = 0, f = 1.0 MHz) 
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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2N6433* 


CASE 22-03, STYLE 1. 
TO-18 (TO-206AA) 


3 Collector 
ff &. 
1 Emitter 


MAXIMUM RATINGS 


Collector-Emitter Voltage 


Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C _ 

Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


GENERAL PURPOSE 
TRANSISTOR 





_THERMAL CHARACTERISTICS. __ PNP SILICON 


| Characteristic | Symbol _ 
Thermal Resistance, Junction to Ambient 
Thermal Resistance, Junction to Case RgJc 








*This is a Motorola 
designated preferred device. 





le 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


aaiinsimegg 7 se — eee [ome oe 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage - V(BR)CEO — 300 
(I¢ = —1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO — 300 
(Ic = —0.1 mAdc, l_ = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = —0.1 mAdc, Ic = 0) 


Collector Cutoff Current 


(Vcg = —200 Vdc) 


Emitter Cutoff Current 
(VERB = —3.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(lc = —1.0 mAdc, Vc—E = —10 Vdc) 
(Ic = —10 mAdc, VcgE = — 10 Vdce)(1) 





(I¢ = —30 mAdc, VcE = —10 Vde)(1) 


Collector-Emitter Saturation Voltage 

(Ic = —20 mAdc, IR = —2.0 mAdc)(1) 
Base-Emitter Saturation Voltage 

(l¢ = —20 mAdc, Ip = —2.0 mAdc)(1) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = —10 mAdc, VceE = —20 Vdc, f = 100 MHz) 





Collector-Base Capacitance 
(VcB = —20 Vdc, IE = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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BC107, A, B, C 
thru 
MAXIMUM RATINGS BC109, A, B, C 


Collector-Emitter Voltage VCEO 
Collector-Base Voltage VCBO 
Emitter-Base Voltage VEBO 






CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 










oalA|S oo 
wlnlsa 

mod 
w]N 8) 
BEG 









Collector Current — Continuous 0.2 
Total Device Dissipation«a Ta = 25°C 0.6 Watt 
Derate above 25°C 3.43 mw /°C 









3 Collector 
2 
Base 
3 24, 1 Emitter 





Total Device Dissipation«: Tc = 25°C 
Tc = 100°C 
Derate above 25°C 
Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS TRANSISTORS 


NPN SILICON 
symbol 
Thermal Resistance, Junction to Case 175 


ELECTRICAL CHARACTERISTICS (Ta, = 25°C unless otherwise noted.) 


Characteristic Symbol [Min | Typ | Max | Unit 
OFF CHARACTERISTICS 


Collector Base Leakage Current 
(Ie = 0, VcR = 45 V) BC107 
(le = 0, VeB = 45 V, Tamb = 125°C) BC107 
(IE = 0, VcB = 25 V) BC108/109 
(le = 0, VB = 25 V, Tamb = 125°C) BC108/109 
Emitter Base Breakdown Voltage V(BR)EBO 
(le = 10 pA, Ic = 0) BC107 
BC108/109 


IC 
PD 
-—65 to +200 


rer 
~“ 








Collector Emitter Breakdown Voltage 
(Ic = 2 mA, IE = O) BC107 
BC108/109 
ON CHARACTERISTICS 


DC Current gain 
(VCE = 5-V, Ic = 2 mA) 


(VcE = 5 V, Ic = 10 PA) 


Base Emitter Saturation Voltage(1) VBE(sat) 
(Ic = 10 mA, Ip = 0.5 mA) 
(Ic = 100 mA, |B = 5 mA) 

Collector Emitter Saturation Voltage(1) VCE(sat) | 

| (I¢ = 10 mA, Ip = 0.5 mA) 

(l¢ = 100 mA, IB = 5 mA) 

Base Emitter on Voltage VBE(on) 
(lc = 2 mA, VCE = 5 V) 

~ (Il¢ = 10 mA, Vcg = 5 V)(1) 


Collector Knee Voltage 
(lc = 10 mA, |B = the value for which Ic = 11 mA at VCE = 1 V) 


DYNAMIC CHARACTERISTICS 


Transition Frequency 
(lc = 10 mA, f = 100 MHz, VcE = 5 V) 
Noise Figure 
(VcE = 5V, Ic = 0.2 mA, Rg = 2 KQ) 
F = 1.0 KHz BC109 
F = 1 kHz, AF = 200 Hz BC109 
BC107/108 
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BC107, A, B, C thru BC109, A, B, C 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Output Capacitance - 
_(VcB = 10 V, tf = 1 MHz) 
h21e Parameters 
(VcE = 8 V, Ic = 2 mA, f = 1 kHz) BC107/108 
| BC109 
A group 
B group 


C group 

h11e Parameters 
(VcE = 5 V, Ic = 2 mA, f = 1 kHz) A group 
B group 
C group 

h22e Parameters 
(VcE = 5 V, Ic = 2 mA, f = 1 kHz) A group 
B group 
| C group 
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 





FIGURE 1 — EMITTER-BASE CAPACITANCE 
COLLECTOR-BASE CAPACITANCE 
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MAXIMUM RATINGS BC140-10, -16 
BC141-10, -16 


CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 


3 Collector 
: 
Base 
3 , | | 1 Emitter 
THERMAL CHARACTERISTICS AMPLIFIER TRANSISTORS 


Thermal Resistance, Junction to Ambient Re@JA 
Thermal Resistance, Junction to Case R@Jc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Tota! Device Dissipation @ Tc = 
Derate above 25°C 














NPN SILICON 





Refer to 2N3019 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol_| Min | Max [Unit __| 


OFF CHARACTERISTICS 









Collector Cutoff Current | ICES 100 nA 

(le = 0, VcE = 60 V) Ta = 150°C 100 a 
Collector-Emitter Breakdown Voltage BC140 Series V(BR)CES 80 

(ICES = 100 JA, IE = O) BC141 Series 100 
Collector-Emitter Breakdown Voltage (1) V(BR)CEO 

(I¢ = 30 mA, Ip = O) BC140 Series 40 

60 

Emitter-Base Breakdown Voltage V(BR)EBO 

(IE = 100 vA, Ic = O) 7 

for BC140, 141, -10 


BC141 Series 
NFE 
63 160 
for BC140, 141, -16 100 250 


Collector-Emitter Saturation Voltage(1) VCE(sat) V 
(Ic = 1A, IB = 0.1 A) 
Base-Emitter Voltage(1) V 
(lc =1A, Vce =1V) VBE(on) Zs 


SMALL SIGNAL CHARACTERISTICS 


oie Bandwidth Product 
= 50 mA, VCE = 10 V, f = 20 MHz) 


a Capacitance 
(VER = 0,5 V, Ic = O, f = 1 MHz 


| Capacitance 





















ON CHARACTERISTICS 












DC Current Gain(1) 
(lc = 100 mA, VCE = 1 V) 








(le = 0, VcB = 10 V, f = 1 MHz) 


Turn On Time 
(Ic = 150 mA, |Ip1 = 7.5 mA) 


Turn Off Time 
(Ic = 150 mA, Ip1 = Ip2 = 7.5 mA) 


(1) Pulsed: Pulse Duration = 300 ys, Duty Cycle = 2.0%. 
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MAXIMUM RATINGS sy 
Collector-Emitter Voltage a VcEO 
—Collector-Base Voltage | VcBO 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 0.8 Watt 
4.6 mWw/°C 







BC BC 











Derate above 25°C 






Total Device Dissipation @ Tc = 25°C 3.7 Watt 
Derate above 25°C 20 mW/°C 





Operating and Storage Junction 
Temperature Range 






THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Ambient R@JA 
Thermal Resistance, Junction to Case Rec ee 






ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


BC160-16 
BC161-16 


CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 


3 Collector 


2 
Base - 


1 Emitter 


y | 


AMPLIFIER TRANSISTORS 


PNP SILICON 





Refer to 2N4404 for graphs. 





Characteristic 


OFF CHARACTERISTICS 


Collector Cutoff Current 
le = 0, VcES = —40 V for BC160-16 
Vces = -—60 V for BC161-16 
VcES = —40 V for BC160-16 Tamb = 150°C 
VcES = —60 V for BC161-16 TAmb = 150°C 


Collector-Emitter Breakdown Voltage 
Ic = —100 pA, Ie = 0 for BC160-16 


for BC161-16 


Collector-Emitter Breakdown Voltage(1) 
Ic = —10 mA, Ip = 0 for BC160-16 


for BC161-—16 


Emitter-Base Breakdown Voltage 
le = —100 pA, Ic = 0 


ON CHARACTERISTICS 


DC Current Gain(1) 
Ic = —100 mA, VcE = —-1.0V 
Collector-Emitter Saturation Voltage(1) 
(IC = -1.0A, IRB = —0.1 A) 


Base-Emitter Saturation Voltage(1) 
(Ic = -—1.0 A, Vce = —1.0 V) 


for BC160, BC161, -16 





nA 


BA 


V(BR)CES V 
—40 
—~60 

V(BR)CEO V 
—40 
—60 
100 


VCE(sat) 





SMALL-SIGNAL CHARACTERISTICS 


Gain Bandwidth Product 
(Ic = —50 mA, VcE = —10V, f = 20 MHz) 


Input Capacitance . 
(VER = —10V, f = 1.0 MHz) 


Output Capacitance 


(VcB = —10V, Ie = 0, f = 1.0 MHz) 


Turn On Time 
(Ic = —100 mA, lpi = —5.0 pA) 


Turn Off Time 
(Ic = —100 mA, Ip = Ip2 = —5.0 uA) 


(1) Pulsed: Pulse Duration = 300 us, Duty Cycle = 2.0%. 
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FETs AND DIODES 


MAXIMUM RATINGS BC1 77,A,B 


Collector-Emitter Voltage VCEO } 45 | de 
Collector-Emitter Voltage VCES | 50 | de 









CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


Collector-Base Voltage VcCBO | 50 
Emitter-Base Voltage VEBO | -8 | de 
Collector Current — Continuous —0.2 


Vdc 
Vdc 
Vdc 
Vdc 
Amp 
Total Device Dissipation @ Ta = 25°C Pp 0.6 Watt 
Derate above 25°C 3.43 mWw/°C 
Total Device Dissipation @ Tc = 25°C 1.0 Watt 
Tc = 100°C 
Derate above 25°C 5.7 mW/°C 
Operating and Storage Junction Ty, Tstg | —65 to +200 °C 
Temperature Range 
TRANSISTORS 
THERMAL CHARACTERISTICS 


Symbol | Max | Unit __ | PNP SILICON 
Thermal Resistance, Junction to Case RgJc °C/W 
















3 Collector 
2 
Base 
: 2°71 


1 Emitter 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Leakage Current 
(VcE = —20V, IE = 0) 
(VcE = —20V, lE = 0, TAmb = 125°C) 


Collector Base Breakdown Voltage 
(ic = —10 pA) 


Collector Emitter Breakdown Voltage V(BR)CEO 
(Ic = —2.0 mA, IE = 0) 

Emitter Base Breakdown Voltage V(BR)EBO 
(IE = —10 nA, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain NFE 
(Ic = —2.0 mA, VcE = —5.0 V) 

Collector Emitter Saturation Voltage(1) VCE(sat) 
(Ic = —10 mA, lp = —0.5 mA) 
(ic = —100 mA, Ip = —5.0 mA) 

Base Emitter Saturation Voltage(1) VBE(sat) 
(Ic = —10 mA, IB = —0.5 mA) 
(Ic = —100 mA, Ip = —5.0 mA) 

Base Emitter on Voltage VBE(on) 

(I¢ = —2.0 mA, VcE = —5.0 V) 
Collector Knee Voltage 


(Ic = —10 mA, Ig = the value for which 
Ic = —11 mA, at VcE = —1.0 V) 


DYNAMIC CHARACTERISTICS 


Transition Frequency 
(VcE = —5.0 V, Ic = —10 mA, f = 100 MHz) 


Noise Figure 











(VcE = —5.0V, Ic = —0.2 mA, Rg = 2 KO) 
F = 1.0 kHz 
F = 1.0 kHz, F = 200 Hz 
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BC177, A, B 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Output Capacitance 
(Vcg = —10V, f = 1.0 MHz) 


h21e Parameters 
(VcE = —5.0V,I¢ = —2.0 mA, f = 1.0 kHz) 


h41e Parameters 
(VcE = —5.0 V, Ic = —2.0 mA, f = 1.0 kHz) 


h22e Parameters 
(VGE = —5.0V, Ic = —2.0 mA, f = 1.0 kHz) A Group 
B Group 





(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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BC393 


MAXIMUM RATINGS 


CRating Sid 

colector Bese Votiage ——~+dYVewo | 180 

[EmiterBese Vottage ———*dtveag | -8 | ve | 
Lae 


Collector Current — Continuous 






CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 
Derate above 25°C 


3 Collector 
2 
Base 
3 2 4, 1 Emitter 
Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS HIGH VOLTAGE TRANSISTOR 


Symbol | = Max | __Unit_—| PNP 
Thermal Resistance, Junction to Case | Rac | 125 









Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 











Total Device Dissipation @ Tc 
Tc = 100°C 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
Characteristic 








OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO — 180 
(Ic = —10 mA, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO — 180 
(Ic = —100 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(I—E = —100 wAdc, ic = 0) 

Collector Cutoff Current 


(VcB = —100 V, IE = 0) 


Collector-Emitter Cutoff 
(VceE = —100 V, IB = 0) (Tamb = 150°C) 


ON CHARACTERISTICS(1) 


DC Current Gain hrE 
(Ic = —10 mA, VcE = —10 V) 





Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = —10 mAdc, IR = —1.0 mAdc) 


Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = —10 mAdc, IB = —1.0 mAdc) 
DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = —20 mAdc, VcgE = —20 Vdc, f = 20 MHz) 


Output Capacitance 





(l—E = 0, Vcp = —20 Vdc, f = 1.0 MHz) 
Input Capacitance 


(Ic = 0, Veg = —0.5 Vdc, f = 1.0 MHz) 


Turn-On Time 
(Ig1 = —10 mA, Ic = —50 mAdc, Vcc = —100 Vdc) 





*Pulse Test: Pulse Width < 300 us, Duty Cycle < 2%. 
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BC394 


| MAXIMUM RATINGS 

| 
cae 
[colestor Curent —Continweue | ic | 08 _| 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


3 Collector 
| &) 
1 Emitter 
THERMAL CHARACTERISTICS HIGH VOLTAGE TRANSISTOR 


[Characteristic | Symbol | Max | Unit NPN 
Thermal Resistance, Junction to Case Rgjc Be | 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Total Device Dissipation @ Tc = 25°C 
. Te = 100°C 
Derate above 25°C 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| Min | typ | Max | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage | V(BR)CEO 
(Ic = 10 mA, Ig = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(I¢ = 100 Adc, Ie = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(lg = 100 wAde, Ic = 0) - 
Collector Cutoff Current ICBO nA 
~ (VcB = 100 V, IE = 0) . 
uA 





Collector-Emitter Cutoff 
(VcE = 100 V, Ip = 0) (Tamb = 150°C) 


ON CHARACTERISTICS(1) 


DC Current Gain hFE 
(Ic = 10 mA, VcE = 10 V) 

Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 10 mAdc, Ip = 1.0 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 

‘DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(lc = 20 mAdc, VcE = 20 Vdc, f = 20 MHz) 


Output Capacitance 
(le = 0, Vcg = 20 Vde, f = 1.0 MHz) 


Input Capacitance 








(Ic = 0, Veg = 0.5 Vdc, f = 1.0 MHz) 


Turn-On Time 
(lpi = 10 mA, Ic = 50 mAdc, Vcc = 100 Vde) 


Turn-Off Time 
(Ig2 = 10 mAdc, Ic = 50 mAdc, Vcc = 100 Vdc) 


*Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2%. 
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BCY58-VIII,-IX,-X 
BCY59-VII,-VIll,-IX,-X 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO 


Collector-Emitter Voltage 
(RBE = 10 Ohms) 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @TA = 25°C 
Derate above 25°C 
Total Device Dissipation @ Tc = 25°C 
Tc = 100°C 
Derate above 25°C 


3 Collector 
2 
Base 
1 Emitter 
305 Uy 


THERMAL CHARACTERISTICS TRANSISTORS 
















NPN SILICON 


Thermal Resistance, Junction to Ambient Rg@JA | gt °C/W 
Thermal Resistance, Junction to Case RgJC ‘ 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[Characteristic | Type | Symbol | Min | yp | Max | Unk | 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage(1) BCY58 V(BR)CEO 32 Vde 

(Ic = 10 mAde, Ic = 0) BCY59 45 7 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 

(IE = 1pAdc, Ic = O) 7 
Collector Cutoff Current nAdc 
(VCE = 32 V) 
(VCE = 45 V) 


































10 pAdc 


10 
nAdc 
10 






(VCE = 45 V, Ta = 150°) : 


Emitter Base Cutoff Current lIEBO 
(VEB = 5 V) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 10 pAdc, Vce = 5 Vdc) 









BCY59-VIl, 
BCY59-VIll, BCY58-VIII 
BCY59-IX, BCY58-1X 
BCY59-X, BCY58-X 
BCY59-VIl, 

BCY59-VIll, BCY58-VIII 
BCY59-IX, BCY58-IX 
BCY59-X, BCY58-X 
BCY59-VIl, 
BCY59-VIll, BCY58-VIII 
BCY59-IX, BCY58-IX 
BCY59-X, BCY58-X 
BCY59-VII, 
BCY59-ViIl, BCY58-VIII 
BCY59-IX, BCY58-|X 
BCY59-X, BCY58-X 












(lc = 2 mAdc, VcE = 5 Vdc) 
















li 


10 mAdc, VcgE = 1 Vde)(1) 

















100 mAdc, VcE = 1 Vdc)(1) 













Collector-Emitter Saturation Voltage(1) VCE(sat) Vde 
(lc = 100 mAdc, Ip = 2.5 mAdc) 


(ic = 10 mAdc, IB = 0.25 mA) 


Base-Emitter Saturation Voltage(1) VBE(sat) Vdc 
(lc = 10 mA, IB = 0.25 mA) 0.6 0.70 0.85 
(Ic = 100 mA, IB = 2.5 mA) 0.75 0.90 12s: 
[its s 


Base-Emitter on Voltage VBE(on) Vdc 
(Ic = 2 mAdc, VCE = 5 Vdc) O. 0.62 0.70 
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BCY58,-VIll,-IX,-X, BCY59,-VIl,-Vill,-IX,-X 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


| Characteristic | Type | Symbol | Min | Typ | Max | Unit | 
DYNAMIC CHARACTERISTICS SMALL SIGNAL CHARACTERISTICS 


Current Gain-Bandwidth Product 
(Ic = 10 mAdc, VcE = 5 V, f = 100 MHz) 


Output Capacitance 
(VCE = 10 Vdc, Ic = O, f = 1 MHz): 


Input Capacitance 
(VERB = 0.5 V, lc = 0, f = 1 MHz) 


Small Signal Current Gain 
(lc = 2 mAdc, VCE = 5 Vdc, f = 1 kHz) BCY59-VIl 
BCY58-VIII, BCY59-ViIII 
BCY58-IX, BCY59-1X 
BCY58-X, BCY59-X 





— 


Output Admittance 
(Ic = 2 mAdc, VcE = 5 Vdc, f = 1 kHz) BCY59-Vil (h22e) 
BCY58-VIll, BCY59-VIII 
BCY58-IX, BCY59-IX 
BCY58-X, BCY59-X 


Input Impedance 
(lc = 2 mAdc, VCE = 5 Vdc, f = 1 kHz) BCY59-VII 
. BCY58-Vill, BCY59-VIII 
BCY58-|IX, BCY59-IX 
BCY58-X, BCY59-X 





Voltage Feedback Ratio 
(Ic = 2 mAdc, VcE = 5 Vdc, f = kHz) BCY59-VIl (h12e) 
BCY58-VIIl, BCY59-VII| 
BCY58-IX, BCY59-IX 
BCY58-X, BCY59-X 


Noise Figure 
(Ic = 0.2 mAdc, VCE = 5 Vdc, 
Rs = 2 Kohms, f = 1 kHz) 


SWITCHING CHARACTERISTICS 


Ic = 10 mA, lpi = 1 MA, Ip2 = 1mMA 
VBB = —3.6 V, Ry = R2 = 5 KO 

Ri = 990 ohms 

"See test circuit. 


NF 


Cib 
a 





Ic = 100 mA, |IB1 = 10 mA, !B2 = 10 mA 
VpB = 5 V, Rq = 500 Q, R2 = 700 Q 
RL = 98 ohms 


* See test circuit. 





(1) Pulse Test: Pulse Width < 300 us, Duty Cycle =< 2.0%. 
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BCY58,-VIil,-IX,-X, BCY59,-Vil,-VIII,-IX,-X 


TEST CIRCUIT 


1 Us 


tr < 5ns 
= 502 
Duty Cycle< 0.01 


FIGURE 1 — CURRENT GAIN 
(BCYS59-VI1) 
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FIGURE 3 — CURRENT GAIN 
(BCY58-1X/BCY59-1X) 
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FIGURE 2 — CURRENT GAIN 
(BCY58-VIII/BCY59-VII1) 
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FIGURE 4 — CURRENT GAIN 
(BCY58-X/BCY59-X) 
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BCY58,-VIll,-IX,-X, BCY59,-VIl,-VIIL-IX,-X 


FIGURE 5 — SATURATION VOLTAGE 
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FIGURE 7 — INPUT CHARACTERISTIC 
(COMMON EMITTER CIRCUIT) 
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VBE, BASE-EMITTER VOLTAGE (VOLTS) 


FIGURE 9 — OUTPUT CHARACTERISTIC 
(COMMON EMITTER CIRCUIT) 
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Ic, COLLECTOR CURRENT (mA) 


ic, COLLECTOR CURRENT (mA) 


FIGURE 6 — SATURATION VOLTAGE 
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FIGURE 8 — OUTPUT CHARACTERISTIC 
(COMMON EMITTER CIRCUIT) 
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FIGURE 10 — OUTPUT CHARACTERISTIC 
(COMMON EMITTER CIRCUIT) 
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Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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Ic, COLLECTOR CURRENT (mA) 


BCY58,-VIll,-IX,-X, BCY59,-VIl,-VIIL,-IX,-X 


FIGURE 11 — OUTPUT CHARACTERISTIC 
(COMMON EMITTER CIRCUIT) 
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FIGURE 13 — CURRENT GAIN — BANDWIDTH PRODUCT 
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FIGURE 12 — EMITTER-BASE CAPACITANCE 
COLLECTOR-BASE CAPACITANCE 
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FIGURE 14 — TOTAL PERMISSIBLE POWER 
DISSIPATION (BCY58/BCY59) 
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BCY7/0 
thru. 
BCY7/2 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


0 | 71 | 72 


[Gotestorsmiter Votage | _Veeo | -a0|-a8|—28] vac] 
[colector tase Vottage ‘| Vea | -sal-as|-—25] vac | 


Total Device Dissipation @ Ta = 25°C 360 mWatt 
Derate above 25°C 2.06 mWw/°C 


Total Device Dissipation @ Tc = 25°C 
Tc = 100°C 























| . Derate above 25°C 


Operating and Storage Junction TJ, Tstg | —65 to +200 °C 
Temperature Range 


THERMAL CHARACTERISTICS 


3 Collector 
2 
Base 
1 Emitter 
3 aU, 


TRANSISTORS 


Symbol | _Max | Unit PNP SILICON 
Thermal Resistance, Junction to Case RgJc 








Refer to 2N3799 for graphs. 


ELECTRICAL CHARACTERISTICS (Tp - 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(I¢ = -—2.0 mA, lp = 0) . 


Collector-Base Leakage Current 
(le = 0, Veg = —50V) 
(ic = 0, VcB = —45V) 
(l—e = 0, VcR = —25V) 





= —40V, TAmb = 100°C) 
= -40V, TAmb = 100°C) 
—20V, TAmb = 100°C) 


-40V) 


Emitter-Base Leakage Current 
(Veg = —5.0V, Ic = 0) 
(Vep = —4.0V, Ic = 0) 
(VERB = —4.0V, Ic = 0, Tamb = 100°C) 


Collector-Emitter Leakage Current 
(VceE = —50V, Veg = —3.0 V) 
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BCY70 thru BCY72 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | typ | Max | unit _| 





~ ON CHARACTERISTICS 


DC Current Gain hFE 
(VcE = —1.0V, Io = —10 pA) BCY71 
(VcE = —1.0V,I¢ = —100 pA) BCY70 
BCY71 
(VcE = —1.0V, I¢ = —1.0 mA) BCY70 
BCY71 
BCY72 





(VcE = —1.0V, Io = —10 mA)(1) BCY70 50 
BCY71 100 600 
BCY72 50 










(Vee = —1.0V, Ie = —50 mA)(1) BCY70 


15 
Base-Emitter Saturation Voltage(1) VBE(sat) 
(ic = —50 mA, Ip = —5.0 mA) BCY70/71 
(ic = —10 mA, IB = —1.0 mA) BCY70/71 
Collector-Emitter, Saturation Voltage(1) VCE(sat) 
(Ic = —50 mA, Ip = —5.0 mA) 
(ic = —10 mA, Ip = —1.0 mA) 


DYNAMIC CHARACTERISTICS 


Transition Frequency 
(Ic = —10 mA, f = 100 MHz, VcgE = —20 V) All types 
(ic = —100 pA, f = 20 MHz, VcE = —20 V) BCY71 only 


Noise Figure 
(VcE = —5.0 V, Ic = —100 A, Rg = 2.0 KO, f = 1.0 kHz 
BCY70/72 
BCY71 







































Switching Times 
(ic = —10 mA, Igi = lpg = —1.0 mA) BCY70/72 
BCY70/72 

BCY70/72 

BCY70/72 

BCY70/72 
BCY70/72 





h parameters 
(VcE = -—10V, Ic = —1.0 mA, f = 1.0 kHz) BCY71 













Common Base Output Capacitance 
(VcB = —10V, Ig = 0, f = 1.0 MHz) 


Input Capacitance 
(VEg = —1.0 Vdc, Ic = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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MAXIMUM RATINGS 


BCY78-VIll,-IX 
BCY79-VIl,-VIll,-IX 


Collector-Emitter Voltage 
(RBE = 10 Ohms) 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


Emitter-Base Voltage . 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Total Device Dissipation @ Tc = 25°C 
Tc = 100°C 
Derate above 25°C 


3 Collector 
2 
Base 
: 271 


1 Emitter 





THERMAL CHARACTERISTICS 


[Characteristic ———~=~S«d'S“Symbot [Max (| Unt 
Thermal Resistance, Junction to Ambient 
Thermal Resistance, Junction to Case 


TRANSISTORS 


PNP SILICON 










ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic [tye Symbor_ [min [typ | Max [Unit 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage(1) BCY78 Series V(BR)CEO — 32 Vde 
(Ic = — 10 mAdc, Ic = 0) BCY79 Series —45 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
le = —2.0 pAde, Ic = 0) 


Collector Cutoff Current 
(VcE = —32 V) BCY78 Series 
(VceE = —45 V) BCY79 Series 
(VcE = —32V, Ta = 100°C, Vee BCY78 Series 
(VceE = —45V, Ta = 100°C, Vee BCY79 Series 
(VCE -—25 V, Ta = 150°) BCY78 Series 
(VcE = —35V, Ta = 150°) BCY79 Series 


Emitter-Base Cutoff Current 
(VER = —4.0 V) 


ON CHARACTERISTICS 


DC Current Gain 
(IC = -—10 wAdc, Vee = —5.0 Vdc) BCY79-VIl 
. BCY79-VIII, BCY78-VIII 
BCY79-IX, BCY78-IX 
(Ic = -—2.0 mAdc, Vcg = —5.0 Vdc) BCY79-VII 
BCY79-VIll, BCY78-VIII 
BCY79-IX, BCY78-IX 
(Ic = —10 mAdc, Vege = —1.0 Vde)(1) BCY79-VII 
BCY79-VIII, BCY78-VIII 
BCY79-IX, BCY78-IX 
(Ic = —100 mAdc, Vcg = —1.0 Vdc)(1) BCY79-VII 
BCY79-VIIl, BCY78-VIII 
BCY79-IX, BCY78-IX 








Hou wt oll 


Collector-Emitter Saturation Voltage(1) 
(Ic = —100 mAdc, Ip = —2.5 mAdc) 
(Ic = -—10 mAdc, Ip = —0.25 mA) 


Base-Emitter Saturation Voltage(1) 
(lc = -—10 mA, IB = —0.25 mA) 
(I¢ = —100 mA, ip = —2.5 mA) 


Base-Emitter on Voltage 
(ic = —2.0 mAdc, VcE = —5.0 Vdc) 
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BCY78,-VIll,-IX, BCY79,-VIl,-VIIL-IX 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


[hwracterato | Tue Symbot | in | vw | max [unt | 


DYNAMIC CHARACTERISTICS SMALL SIGNAL CHARACTERISTICS 


Current Gain-Bandwidth Product 300 mm MHz 


(Ic = —10 mAdc, Vcg = —5.0 V, f = 100 MHz) 


Output Capacitance 
(VcE = —10 Vdc, Ic = 0, f = 1.0 MHz) 


Input Capacitance 
(VERB = —0.5 Vdc, Ic = 0, f = 1.0 MHz) 



















Small Signal Current Gain hfe 
(Il¢ = —2.0 mAdc, VcE = —5.0 Vde, f = 1.0 kHz) | BCY79-VII (ho1@) 200 
BCY78-VIII, BCY79-VIII 260 
BCY78-IX, BCY79-IX 330 










Input Impedance 
(l¢ = —2.0 mAdc, VcgE = —5.0 Vdc, f = 1.0 kHz) 





BCY79-VIl 
BCY78-VIll, BCY79-VIII 
BCY78-IX, BCY79-IX 














Voltage Feedback Ratio 
(I¢ = —2.0 mAdc, Vcg = —5.0 Vdc, f = 1.0 kHz) 





BCY79-VIl 
BCY78-VIll, BCY79-VIII 
BCY78-IX, BCY79-IX 










4.5 
6.0 
8.5 
a ~ 


nS 





Noise Figure 
(I¢ = —0.2 mAdc, VcE = —5.0 Vdc, 
Rs = 2.0 Kohms, f = 1.0 kHz) 


SWITCHING CHARACTERISTICS 


Ic = —10 mA, lpi = —1.0 mA, lIp2 = —1.0 mA 
VeBB = +3.6V, Ry = Ro = 5.0 KD 


a ~ 
1.5 
2.0 
2.0 



















R_ = 990 ohms 150 
*See test circuit. 
800 
Ic = —100 mA, Ip1 = —10 mA, Ip2 = —10 mA nS 
VBB = +5.0 V, Ry = 5000, Rg = 700 0 
RL = 98 ohms 150 






*See test circuit. 






(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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BCY78,-Viil,-IX, BCY79,-VIl,-VIIL,-IX 


TEST CIRCUIT 


-10V (Vcc) 


+VeB 


N 
” 
Oo 


tr < 5ns 


100k9 


Z62 





FIGURE 2 — CURRENT GAIN 
(BCY78-VIII/BCY79-VII1) 


FIGURE 1 — CURRENT GAIN 
(BCY79-ViI) 
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COLLECTOR CURRENT (mA) 


FIGURE 4 — CURRENT GAIN 


FIGURE 3 — CURRENT GAIN 
_ (BCY78-1X/BCY79-IX) 
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BCY78,-VIll,-IX, BCY79,-VII,-VIIL-IX 


FIGURE 6 — SATURATION VOLTAGE 


FIGURE 5 — SATURATION VOLTAGE 
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FIGURE 8 — TOTAL PERMISSIBLE POWER 
DISSIPATION (BC Y78/BCY79) 





FIGURE 7 — INPUT CHARACTERISTIC 
(COMMON EMITTER CIRCUIT) 
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FIGURE 10 — CAPACITANCES 


FIGURE 9 — CURRENT GAIN 


BANDWIDTH PRODUCT 
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30 — 40 


—4.0 —6.0-8.0—10 


Vr, REVERSE VOLTAGE (VOLTS) 
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—50 —100 
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BF258 
BF259_ 


CASE 79-04, STYLE 1 
TO-39 (TO-205AD) _ 


MAXIMUM RATINGS 
. Rating 





Collector-Emitter Voltage 
Collector-Emitter Voltage 
Collector-Base Voltage © 
Emitter-Base Voltage 


Collector Current — Continuous. 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C . 


3 Collector 
2 
Base 
3 | 
2° 1 


1 Emitter 


Operating and Storage Junction 
Temperature Range. — 


HIGH VOLTAGE 
THERMAL CHARACTERISTICS TRANSISTORS 


Characteristic Symbol NPN SILICON 
Thermal Resistance, Junction to Case RAJC 35 














ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) . 


| Characteristic | Symbot | Min | typ | Max | unit _| 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vde 
(Ic = 30 mAdc, Ip = 0) 250 
. 300 
Collector-Base Breakdown Voltage. V(BR)CBO Vde 
(Ic = 100 wAdc, IE = 0) 250 
300 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 100 wAdc, Ic = 0) | . ) 
Collector Cutoff Current ICBO nAdc 
(VcB = 200 Vdc, I— = 0) 
(VcB = 250 Vdc, IE = 0) 
ON CHARACTERISTICS(1) 
DC Current Gain FE 25 
(I¢ = 30 mAdc, VcE = 10 Vdc) 
Collector-Emitter Saturation Voltage . VCE(sat) 1.0 Vdc 
(I¢ = 30 mAdc, Ip = 6.0 mAdc) . . 


DYNAMIC CHARACTERISTICS 


Current Gain-Bandwidth Product 
(Ic = 30 mAdc, VcgE = 10 Vde, f = 100 MHz) 


Reverse Transfer Capacitance 
(VcB = 30 Vdc, Ig = 0, f = 1.0 MHz) 











Collector-Base Capacitance 
(VcB = 10 Vdc, Ig = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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BFW43 


MAXIMUM RATINGS CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 















[Rating SS~*d:CS bot | 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


3 Collector 
) 
Base 
. 3 24; 1 Emitter 
Temperature Range 

THERMAL CHARACTERISTICS HIGH VOLTAGE TRANSISTOR 
[Characteristic ——=~=~S«dY’S«Symbol_ | Mex [| Unit | 
[Thermal Resistance, Junction to Ambient | Rqwa | 438 | CW _ 
| Thermal Resistance, JunctiontoCase | Rac | 125 | °C/W 












PNP SILICON 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Typ | Max | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde |. 
(I¢ = —2.0 mA, lg = 0) 

Collector Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = —100 pAdc, IE = 0) 

Emitter Base Breakdown Voltage V(BR)EBO Vdc 
(Ile = —100 pAdc, Ic = 0) 

Collector Cutoff Current nA 
(VcBp = —100 V, IE = 0) 





Collector Emitter Cutoff Current 
(Vcp = —100 V, Ig = 0) Ta = 125°C 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = —1.0 mA, Vce = —10 V) 
(I¢ = —10 mA, Vee = —10 V)(1) 
(Ic = —10 pA, VcE = —10V, Ta = —55°C) 


FE 
Collector Emitter Saturation Voltage(1) VCE(sat) 
(Ic = —10 mAdc, Ip = —1 mAdc) 
Base Emitter Saturation Voltage(1) VBE(sat) 
(Ic = —10 mAdc, lp = —1 mAdc) 
DYNAMIC CHARACTERISTICS 


Current Gain Bandwidth Product 
(Il¢ = —10 mAdc, VcgE = —10 Vdc, f = 20 MHz) 


Output Capacitance 
(le = 0, VcB = —20 Vdc, f = 1.0 MHz) 








Turn On Time 
(Igy = —10 mA, lc = —50 mAdc, Vcc = — 100 Vdc) 


Turn Off Time 
(Ig2 = —10 mAdc, Ic = —50 mAde, Vcc = — 100 Vde) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle = 2%. 
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FIGURE 1 — CURRENT-GAIN—BANDWIDTH PRODUCT 
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FIGURE 3 — TURN-OFF TIME 
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FIGURE 2 — TURN-ON TIME 
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BSS71 
thru 
BSS73 


MAXIMUM RATINGS 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


Collector-Emitter Voltage VCEO 200/25 
Collector-Base Voltage VcBO {20 


3 Collector 


Total Device Dissipation @TA = 25°C | 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


THERMAL CHARACTERISTICS 


Symbol | _Max | Unit 
Thermal Resistance, Junction to Case RgJc 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 





HIGH VOLTAGE 
TRANSISTORS 
NPN SILICON 











Pp Characteristic | Symbot | Min | Typ | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(Ic = 10 mA, IB = 0) 


Collector-Base Breakdown Voitage 
(Ic = 100 «Adc, IE = O) 


Emitter-Base Breakdown Voltage 
(I—E = 100 Adc, Ic = 0) 


Collector Cutoff Current 
(VcB = 150 V, If 
(VcB = 200 V, IE 
(VcB = 250 V, Ie = O) 


Collector-Emitter Cutoff Current 
(VcE = 150 V, Ip = O) 
(VCE = 200 V, IB = O) 
(VcE = 300 V, IB = O) 
Emitter-Cutoff Current 
(VERB = 5.0 Vdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 0.1 mA, VcE = 1 V) 
(lc = 1 mA, VCE = 10 V) 
(I¢ = 10 mA, VcgE = 10 V)(1) 
(Ic = 30 mA, Vcg = 10 V)(1) 
(Ic = 100 mA, Vcge = 10 V)(1) 


Collector-Emitter Saturation Voltage(1) 

(Ic = 10 mAdc, IB = 1 mAdc) 

(Ic = 30 mAdc, IB = 3 mAdc) 

(Ic = 50 mAdc, |g = 5 mAdc) 

(lc = 100 mAdc, IB = 20 mAdc) 
Base-Emitter Saturation Voltage(1) 

(lc = 10 mAdc, IB = 1 mAdc) 

(Ic = 30 mAdc, IB = 3 mAdc) 

(Ic = 50 mAdc, Ip = 5 mAdc) 

(ic = 100 mAdc, Ig = 10 mAdc) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 





V(BR)CEO 
250 
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BSS71 thru BSS73 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


DYNAMIC CHARACTERISTICS 
Current Gain Bandwidth Product 


(Ic = 20 mAdc, VcE = 20 Vdc, f = 20 MHz) 


Output Capacitance 


(IE = 0, Vcp = 20 Vdc, f = 1 MHz) 


Input Capacitance 


(Ie = 


O, VEB = 0.5 Vdc, f = 1 MHz) 


Turn On Time 


(IB1 = 10mA, Ic = 50 mAdc, Vcc = 100 Vdc) 


Turn Off Time 


(IB2 





= 10 mAdc, Ic = 50 mAdc, Vcc = 100 Vdc) 


FIGURE 2 — CAPACITANCES 


FIGURE 1 — DC CURRENT GAIN 
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FIGURE 4 — ACTIVE-REGION SAFE 
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FIGURE 3 — CURRENT-GAIN — BANDWIDTH PRODUCT 
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BSS71 thru BSS73 


FIGURE 5 — “ON” VOLTAGES 
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FIGURE 6 — TEMPERATURE COEFFICIENTS 
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FIGURE 8 — TURN-OFF TIME 
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FIGURE 9 — SWITCHING TIME TEST CIRCUIT 


Duty Cycle < 1% 
tr, te << 5 ns 


Vin 
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BSS74 
| | thru 
MAXIMUM RATINGS | BSS7/6 


Collector-Emitter Voltage VCEQ | -— 200} — 250 


Emitter-Base Voltage 


Collector Current — Continuous 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 


Derate above 25°C _. 
Operating and Storage Junction 


3 Collector 
2 « 
Base 
3 2 ‘ 1 Emitter 
Temperature Range 


THERMAL CHARACTERISTICS HIGH VOETAGE 


TRANSISTORS 
Thermal Resistance, Junction to Case °C/W 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic 








OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO © 
(ic = —10 mA, Ip = 0) ~— 200 
ai | ~250 
oT — 300 
Collector-Base Breakdown Voltage V(BR)CBO 
(ic = —100 pAdc, Ie = 0) ~200 
~— 250 


Emitter-Base Breakdown Voltage | V(BR)EBO 
(IE = —100 wAdc, Ic = 0) 

Collector Cutoff Current ICBO 
(VcB = —150 V, IE = 0) 
(VcB = —200 V, Ig = 0) 
(VcB = —250 V, IE = 0) 


Collector-Emitter Cutoff Current 
(VcE = —150 V, Ig = 0) 
(VcE = —200 V, Ip = 0) 
(VcE = —300 V, Ip = 0) 


Emitter-Cutoff Current 
(VER = —5.0 Vdc, Ic = 0) ALL 
ON CHARACTERISTICS 


DC Current Gain 
(I¢ = —0.1 mA, Vee = —1.0 V) 
(I¢ = —1.0 mA, Vcge = —10 V) 
(Ic = —10 mA, Vce = —10 V)(1) 
(Ic = —30 mA, Vce = —10 V)(1) 35 
(Ic = —100 mA, VcgE = —10 V)(1) — 





Collector-Emitter Saturation Voltage(1) VCE(sat) 
(Ic = —10 mAdc, Ip = —1.0 mAdc) 
(Ic = —30 mAdc, Ip = —3.0 mAdc) 
= —50 mAdc, Ip = —5.0 mAdc) 
— 100 mAdc, IR = —20 mAdc) 

Base-Emitter Saturation Voltage(1) VBE(sat) 
(Ic = —10 mAdc, Ip = —1.0 mAdc) 
(Ic = —30 mAdc, Ip = —3.0 mAdc) 
(Ic = —50 mAdc, lp = —5.0 mAdc) 

(Ic = —100 mAdc, IR = — 10 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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BSS74 thru BSS76 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


DYNAMIC CHARACTERISTICS 

Current-Gain — Bandwidth product fT MHz 
(I¢ = —20 mAdc, VcgE = —20 Vdc, f = 20 MHz) 110 200 

Output Capacitance Cob pF 
(le = 0, VcR = —20 Vdc, f = 1.0 MHz) 3.5 

Input Capacitance Cib pF 
(I¢ = 0, VERB = —0.5 Vdc, f = 1.0 MHz) 


Turn-On Time ton ns 
(Ip1 = —10 mA, Ic = —50 mAdc. Veco = — 100 Vde) — 100 — 


Turn-Off Time 
(Ig2 = —10 mAdc, Ic = —50 mAdc, Vcc = —100 Vdc) 














hee, DC CURRENT GAIN 




















V, VOLTAGE (VOLTS) 
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BSS74 thru BSS76__ 


FIGURE 6 — TURN-ON TIME 


FIGURE 5 — CURRENT-GAIN—BANDWIDTH PRODUCT 


s ¢s 8 ae 


(ZHW) LONOGGHd HLGIMONVE-NIVO-LNSBHND ‘1 








Ic, COLLECTOR CURRENT (mA) 


Ic, COLLECTOR CURRENT (mA) 


FIGURE 8 — SWITCHING TIME TEST CIRCUIT 





FIGURE 7 — TURN-OFF TIME 
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BSS78 


CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO 
Collector-Base Voltage VcBO 









Value 





tai 


Collector Current — Continuous Ie Sle 


Ic 
Total Device Dissipation @ Ta = 25°C Pp 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 












3 Collector 
2 
Base 
3 fy 


1 Emitter 









HIGH VOLTAGE TRANSISTOR 


THERMAL CHARACTERISTICS 


NPN SILICON 
Thermal Resistance, Junction to Case 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
| Characteristic =| Symbot | Min | Typ | Max | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) 
(i¢ = 10 mA, Ip = 0) 


Collector-Base Breakdown Voltage 
(I¢ = 100 wAdc, IE = 0) 


Emitter-Base Breakdown Voltage 
(l—E = 100 wAdc, Ic = 0) 


Collector Cutoff Current 
(VcB = 200 V, Ie = 0) 


ON CHARACTERISTICS 


DC Current Gain 


(Ic = 0.1 mA, Veg = 1.0 V) 
(Ic = 1.0 mA, VcE = 10 V) 
(Ic = 10 mA, Vee = 10 V)(1) 
(Ic = 30 mA, VcE = 10 V)(1) 
(I¢ = 100 mA, Vee = 10 V)(1) 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(i¢ = 10 mAdc, Ip = 1.0 mAdc) 

(i¢ = 30 mAdc, Ig = 3.0 mAdc) 
(Ic = 50 mAdc, Ip = 5.0 mAdc) 
(I¢ = 100 mAdc, Ig = 20 mAdc) 

Base-Emitter Saturation Voltage(1) VBE(sat) 
(I¢ = 10 mAdc, |p = 1.0 mAdc) 
(Ic = 30 mAdc, Ip = 3.0 mAdc) 

(ic = 50 mAdc, Ip = 5.0 mAdc) 
(I¢ = 100 mAdc, Ip = 10 mAdc) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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BSS78 


ELECTRICAL CHARACTERISTICS (continued) (TA = 25°C unless otherwise noted.) 
[SSC haracteristic ———SSSSSS*d;CS yb | Min typ | Max | Unit 
DYNAMIC CHARACTERISTICS | ae 


Current Gain Bandwidth Product 
(Ic = 20 mAdc, VCE = 20 Vdc, f = 20 MHz) © 


Output Capacitance 
(l—E = 0, VcB = 20 Vdc, f = 1 MHz) 


Input Capacitance 





(Ic = 0, VER = 0.5 Vdc, f = 1 MHz) 


Turn On Time ; 
~ (IpB1 = 10 mA, ic = 50 mAdc, Vcc = 100 Vdc) 


Turn Off Time 
(IB2 = 10 mAdc, Ic = 50 mAdc, Vcc = 100 Vdc) 
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MAXIMUM RATINGS BSV16-10 


| Symbol 


Total Device Dissipation @ TA = 25°C Pp 
Derate above 25°C 

Total Device Dissipation @ Tc = 25°C Pp 
Derate above 25°C 


CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 





3 Collector 
2 Ps 
Base 
3 
2° 1 


; ; 1 Emitter 
Operating and Storage Junction 


Temperature Range 


AMPLIFIER TRANSISTOR 


PNP SILICON 





Refer to 2N4405 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol_| Min | Max | Unit 





OFF CHARACTERISTICS 


Collector Cutoff Current 
(VcE = —60V) 
(VcE = —60V, Ta = 150°C) 
(VcE = —60V, Veg = —0.2 V, Ta = 100°C) 


Emitter Cutoff Current 
(VERB = —4.0V) 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = —50 mA)(1) 


Collector-Emitter Breakdown Voltage V(BR)CES 
(I¢ = —10 pA) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = —10 #A) 





ON CHARACTERISTICS 
DC Current Gain 
(VcE = —1.0V, lc = —0.1 mA) 
(VcE = —1.0V, Ic = —100 mA)(1) 
(VcE = —1.0 V, lc = —500 mA)(1) 
Base-Emitter Voltage 
(VcE = —1.0 V, Ic = —100 mA)(1) 
(VcE = —1.0 V, Ic = —500 mA)(1) 


SMALL-SIGNAL CHARACTERISTICS 


Current Gain-Bandwidth Product 
(Ic = —50 mA, VceE = —10 V, f = 20 MHz) 


Output Capacitance 
(VcB = —10V, Ie = 0, f = 1.0 MHz) 


Small-Signal Current Gain 





(Ic = —1.0 mA, VcE = —5.0V, f = 1.0 MHz) 


Turn On Time (Fig. 1) (I¢ = —100 mA, Ip = Ipa = —5.0 mA) 
Storage Time (Fig. 1) (Ic = —100 mA, Ip1 =IB2 = —5.0 mA) 


Fall Time (Fig. 1) 
(I¢ = —100 mA, Ip1 = Ip2 = —5.0 mA) 


(1) Pulsed: Pulse Duration = 300 us, Duty Cycle = 2%. 
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BSV16-10 


FIGURE 1 — SWITCHING TIME CIRCUIT 
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BSX20 


MAXIMUM RATINGS CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 








(RBE = 10 Ohms) 
00 
o2 





Collector Current — Continuous 
PDH 


Total Device Dissipation @Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @T 
T 










3 Collector 
2 
Base 
1 Emitter 
305 U, 


TRANSISTOR 










C 
c = 100°C 
Derate above 25°C 


THERMAL CHARACTERISTICS NPN SILICON 


Characteristic Symbol | ==Max | Unit | 
Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
Characteristic 








OFF CHARACTERISTICS 














Collector-Emitter Breakdown Voltage(1) 
(Ic = 10 mAdc, Ip = 0) V(BR)CEO 




























(i¢ = 10 mAdc, Ree = 10 2) V(BR)CER 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 pAde, Ic = 0) 
(VcB = 20 Vdc, Ie = 0, Tj 
Collector Cutoff Current 
Cutoff Current ICEX 0.6 pAdc 
(VcE = 15 Vdc, Veg = 3.0 V, Tj = 55°C) IBEX 0.6 
ON CHARACTERISTICS 
= 10 mAdc, Vcg = 1.0 Vde, Tj = — 55°C) 
= 100 mAdc, VcgE = 2.0 Vdc) 


Collector Cutoff Current IcBO 
(VcB = 20 Vdc, IE = 0) 400 nAdc 
30 pAdc 
ICES pAdc 
(VcE = 15 Vde, VBE = 0, Tj = 55°C) 
(VcE = 40 Vdc, Veg = 0) 
DC Current Gain(1) 
= 10 mAdc, VcgE = 1.0 Vdc) 
Base-Emitter On Voltage 
(ic = 30 wAdc, VcE = 20 Vdc, T; = 100°C) 


VCE(sat) 
= 10 mAdc, Ip = 0.3 mAdc) 0.30 
Cc = 10 mAdc, Ip = 1.0 mAdc) 0.25 
(I¢ = 100 mAdc, Ip = 10 mAdc) 0.60 
Emitter-Base Saturation Voltage(1) VBE(sat) Vdc 
(I¢ = 10 mAdc, IB = 1.0 mAdc) 0.70 0.85 
(Ic = 100 mAdc, Ig = 10 mAdc) 1.50 
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BSX20 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
| Characteristic | Symbol | Min | Max | Unit 
SMALL-SIGNAL CHARACTERISTICS | 


Current Gain-Bartdwidth Product 
(Ic = 10 mA, Voce = 10 V, f = 100 MHz) 


Output Capacitance 
(VcB = 5.0 V, IE = 0, f = 1.0 MHz) 


Input Capacitance 
(VEB = 1.0 V, Ic = 0, f = 1.0 MHz) 


Time 





(ic = 10 mA, Ipq = Ip = 10 mA) 


Turn-On Time . 
(I¢ = 10 mA, Ipy = 3.0 mA) 
(I¢ = 100 mA, Ig1 = 40 mA) 


Turn-Off Time 
(I¢ = 10 mA, IBy = 3.0 mA, Ip2 = —1.5 mA) 
(Ic = 100 mA, IB1 = 40 mA, IB2 = —20 mA) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2%. 
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CV9507 


(CECC 50004-050) 
CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 


3 Collector 


2 
Base 
3 34; 1 Emitter 


SWITCHING TRANSISTOR 


PNP SILICON 


MAXIMUM RATINGS 














Rating 


Symbol Value 
‘Collector-Emitter Voltage. VCEO a 


Collector-Base Voltage VCBO ee 
Emitter-Base Voltage VEBO ee 


Collector Current — Continuous 

Total Device Dissipation @ Ta = 25°C 0.5 Watt 
Derate above 25°C 3.33 mW/°C 

Operating and Storage Junction TJ, Tstg | —55 to +175 °C 
Temperature Range 

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_| min | Max | Unit | 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage VCEO(sus) Vdc 
(I¢ = —10 mA, Ip = 0) 


Collector Cutoff Current 

(VcB = —50V, IE = 0) 

(Veg = —50V, IE = 0, Ta = 100°C) 
Emitter Cutoff Current 

(VER = —3.0V, Ic = 0) 

(VER = —5.0V, Ic = 0) 


ON CHARACTERISTICS ; 
Collector-Emitter Saturation Voltage(1) VCE(sat) Vdc 

(I¢ = —150 mA, IB = —15 mA) 
Base-Emitter Saturation Voltage(1) VBE(sat) 

(Ic = —150 mA, Ip = —15 mA) 

(I¢ = —30 mA, Ig = —1.0 mA) 


DC Current Gain 
(I¢ = —1.0 mA, VcE = --0.4 V) 40 
(Ic = —10 mA, VcE = —0.4 V)(1) 
(i¢ = —50 mA, VcE = —0.4 V)(1) 
(l¢ = —150 mA, Vce = —0.4 V)(1) 
SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 
(Ic = —50 mA, VcE = —10 V, f = 20 MHz) 


Output Capacitance 
(VcB = —10V, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 
Storage Time (See Figure 1) 
















Refer to 2N2904 for graphs. 











(Vcc = —4.0V, Ic = —100 mA) 
(lpi = IB2 = 10 mA) 





(1) Pulsed: Pulse Duration = 300 us, Duty Cycle = 2%. 


Veg + 15V Vcc — 4.0 V 
FIGURE 1 — SWITCHING TIME TEST CIRCUIT 


1.3 k 36 


910 0.47 pf Oscilloscope 
ze = 1MQ, 


IB1 
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CV12253 


CASE 79-04, STYLE 1 


| ben geass TO-39 (TO-205AD) 
MAXIMUM pone 


ceumeaeerinnieang eee oe) 
[Collector-Base Voltage | sVcpo | 85 
-fovtier Base Wolly —_____ #69 8 

| 06 








Collector Current — Continuous 


Total Device Dissipation @ TA = 25°C 0.6 Watt 
Derate above 25°C _— 


3 Collector 
2 
Base 
24 1 Emitter 
Operating and Storage Junction AMPLIFIER TRANSISTOR 
Temperature Range 
THERMAL CHARACTERISTICS NPN SILICON 
Characteristic _ Symbol |Max | Unit 

Thermal Resistance, Junction to Ambient 292 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[—s=s~=~“‘“‘CS;CC;Characteristic”=—=~S=S~*~*~S~S*~S*S Symbol | Min | Max Unit | 









OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage(1) VCEO(sus) 
(Ic = 10 mA, Ip = O) 


Collector Cutoff Current ICBO 
(VCB = 50 V, IE = O) 


Emitter Cutoff Current 
(IEBO(1) VEB = 3 V, Ic = 0) 
(IEBO(2) VEB = 5 V, Ic = 0) 
Collector Cutoff Current 

(VCE = 50 V, Ta = 100°C) 


ON CHARACTERISTICS 


- DC Current Gain 
(h24e(1) Ic = 1.0 mA, VcE = 0.4 V) 
(ha4e(2) lc = 10 mA, VcE = 0.4 V)(1) 
(h21e(3) Ic = 150 mA, Vcge = 0.75 V)(1) 

(h21e(4) Ic = 50 mA, Veg = 0.4 V)(1) 


Base-Emitter Saturation Voltage(1) 
(lc = 30 mA, IB = 1 mA) 
(Ic = 150 mA, IB = 15 mA) 
SMALL SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product 
(Ic = 50 mA, VcE = 10 V, f = 20 MHz) 










































Storage Time 172 
(Vcc = 45 V, Ic = 100 mA, |B1 = 1B2 = 10 mA) 
Output Capacitance 
(VcB = 10 V, f = 1 MHz) 


(1) Pulsed: Pulse Duration = 300 ws, Duty Cycle = 2%. 
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MM3001 
MAXIMUM RATINGS MM3002 


Rating 


CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 


Tota! Device Dissipation 


@ Tc = 25°C 


3 Collector 
2 
Base 
3 of; 


1 Emitter 


GENERAL PURPOSE 
TRANSISTORS 
NPN SILICON 


Characteristic 


Thermal Resistance, Junction to Ambient 





Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vde 
(Ic = 10 mAdc, Ig = 0) MM3001 150 
MM3002 200 
Rest Ea Ee 





Emitter-Base Breakdown Voltage V(BR)EBO 
(l—E = 10 pAdc, Ic = 0) 

Collector Cutoff Current 
(VcB = 75 Vdc, IE = 0) MM3001 
(VcB = 100 Vdc, IE = 0) MM3002 


ON CHARACTERISTICS 


DC Current Gain hFE 20 
(I¢ = 10 mAdc, Vcge = 10 Vdc) 





SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product fT 
(Ic = 10 mAdc, VcgE = 20 Vdc, f = 100 MHz) 


Output Capacitance 





(VcR = 20 Vdc, Ig = 0, f = 1.0 MHz) MM3001 
MM3002 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MAXIMUM sceaiae MM3005 
MM3007 






coo 
[colector Base Voltage —*+(| Veg | 80 [1 
FEmiterBese Votage ———S*dt ‘Veg | OC | 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation 
@ Tc = 25°C 


CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 


3 Coliector 
2 
Base 
3 
a4 


1 Emitter 










THERMAL CHARACTERISTICS | 
























Characteristic | Symbol | Max =| Unit_— AUDIO TRANSISTORS 
Thermal Resistance, Junction to Ambient ReJA °C/W NPN SILICON 
Thermal Resistance, Junction to Case | Rac | 22 °C/W 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
Characteristic 








OFF CHARACTERISTICS 


-Collector-Emitter Breakdown Voltage(1) 
(Ic = 10 mAdc, Ip = 0) MM3005 
MM3007 
















V(BR)CEO 
60 
100 
V(BR)CBO Vde 
80 
120 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(le = 100 wAdc, Ic = 0) . 
Collector Cutoff Current ICBO 
(VcB = 60 Vdc, Ig = 0) MM3005 
(VcB = 100 Vdc, IE = 0) MM3007 
Emitter Cutoff Current 
_ (VEB = 4.0 Vde, Ic = 0) . 
ON CHARACTERISTICS 
DC Current Gain hFE 7 
| (I¢ = 1.0 mAdc, VcE = 1.0 Vdc) _ All Types 40 
(I¢ = 150 mAdc, VcgE = 1.0 Vdc)(1) MM3005 50 
| (Ie = 250 mAdc, Vcf = 1.0 Vdc)(1) MM3007 50 
Collector-Emitter Saturation Voltage(1) VCE(sat) 
(I¢ = 150 mAdc, Ip = 15 mAdc) 
Base-Emitter On Voltage(1) VBE(on) 
(I¢ = 150 mAdc, Vcf = 1.0 Vdc) 











Collector-Base Breakdown Voltage 
(Ic = 100 pAdc, Ie = 0) MM3005 
MM3007 


















SMALL-SIGNAL CHARACTERISTICS 





Current-Gain — Bandwidth Product(1) fr 
(Ic = 50 mAdc, Veg = 10 Vde, f = 20 MHz) 

Output Capacitance Cobo 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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MM3725* 


CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 


MAXIMUM RATINGS 


Rating «| Symbot | MMG725 | Unit 
Collector-Emitter Voltage | Vcceo | 40 | vac | 
a 
FémiterBase Vonage ————~S«d|Vepo | 60 | va 
[soo | made _ 
1.0 
: C 
5.0 












Collector Current — Continuous 


Watts 
Derate above 25°C 5.71 mw/? 


Total Device Dissipation @ Tc = 25°C Pp 
Derate above 25°C 28.6 mWw/°C 


Temperature Range 
THERMAL CHARACTERISTICS 
| Characteristic =| Symbol | Max | Unit_ 
[Thermal Resistance, Junction to ese | Raye | 35 


Re@JC 35 


Total Device Dissipation @ Ta = 25°C 









3 Collector 
2 
Base 
3 04 1 Emitter . 


SWITCHING TRANSISTOR 
NPN SILICON 














*This is a Motorola 
designated preferred device. 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) 
(Ic = 10 mAdc, Ig = 0) 


Collector-Emitter Breakdown Voltage(1) V(BR)CES 
(I¢ = 10 mAdc, Vege = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(ic = 10 wAdc, Ip = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(lz = 10 Adc, Ic = 0) 


Collector Cutoff Current ICBO 
(VcB = 60 Vdc, IE = 0) 
(VcB = 40 Vdc, IE = 0) 
(VcB = 60 Vdc, IE = 0 Ta = 100°C) 
(VcB = 60 Vdc, le = 0, Ta = 100°C) 


Collector Cutoff Current 
(VcE = 80 Vdc, VER = 


(VcE = 50 Vdc, Veg 


Base Current 
(VcE = 50 V, Veg 
(VcE = 80 V, VEB 


ON CHARACTERISTICS(1) 


DC Current Gain 
(I¢ = 10 mAdc, VcgE = 1.0 Vdc) 
= 100 mAdc, VcgE = 1.0 Vdc) 
= 100 mAdc, VcE = 1.0 Vdc, Ta = —55°C) 
= 300 mAdc, VcE = 1.0 Vdc) 
500 mAdc, Vcg = 1.0 Vdc) 
= 500 mAdc, Vcge = 1.0 Vdc, Ta = — 55°C) 
= 800 mAdc, Vcg = 2.0 Vdc) 
1.0 Adc, Vcgé = 5.0 Vdc) 
800 mA, VcE = 2.0 V) 
= 1.0 Adc, Vcg = 5.0 V) 
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MM3725 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Collector-Emitter Saturation Voltage(1) VCE(sat) 
(Ic = 10 mAdc, Ip = 1.0 mAdc) 
_ VBE(sat) 
Current-Gain — Bandwidth Product(2) 
(Ic = 50 mAdc, VcgE = 10 Vdc, f = 100 MHz) 
Output Capacitance 


Cobo 
(VcB = 10 Vdc, IE = 0, f = 1.0 MHz) 
Input Capacitance Cibo 
(Veg = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


(1) Pulse Test: Pulse Width < 300 ws, Duty Cycle = 1.0% 
(2) fF = |hfel * ftest 


















(Ic = 100 mAdc, Ig = 10 mAdc) 
(I¢ = 300 mAde, Ig = 30 mAdc) 
(i¢ = 500 mAdc, Ip = 50 mAdc) 


(I¢ = 800 mAdc, Ip = 80 mAdc) 
(I¢ = 1.0 mAdc, Ip = 100 mAdc) _ 


Base-Emitter Saturation Voltage(1) 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 
(i¢ = 100 mAdc, Ig = 10 mAdc) 
(I¢ = 300 mAdc, Ig = 30 mAdc) 












(Ic = 500 mAdc, Ip = 50 mAdc) 
(Ic = 800 mAdc, Ig = 80 mAdc) 
(Ic = 1.0 Adc, lg = 100 mAdc) 










_SMALL-SIGNAL CHARACTERISTICS 

















(Vcc = 30 Vdc, VBE(off) = —3.8 Vdc, 
Ic = 500 mAdc, Ip; = 50 mAdc) 
(Figures 8, 10) 










(Vcc = 30 Vdc, Ic = 500 mAdc, 
Ip1 = lB2 = 50 mAdc) 
(Figures 9, 10) 


FIGURE 1 — ACTIVE-REGION SAFE OPERATING AREA 
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Ic, COLLECTOR CURRENT (AMP) 
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Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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hee, DC CURRENT GAIN 


Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


f7, CURRENT-GAIN-BANDWIDTH PRODUCT (MHz) 


MM3725 


TYPICAL DC CHARACTERISTICS 


FIGURE 2 — DC CURRENT GAIN 
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FIGURE 4 — COLLECTOR SATURATION REGION 
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FIGURE 3 — “ON” VOLTAGES 
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FIGURE 5 — TEMPERATURE COEFFICIENTS 
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TYPICAL DYNAMIC CHARACTERISTICS 


FIGURE 6 — CURRENT-GAIN — BANDWIDTH PRODUCT 
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FIGURE 7 — CAPACITANCE 
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MM3725 


FIGURE 8 — TURN-ON TIME 
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FIGURE 9 — TURN-OFF TIME 
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MAXIMUM RATINGS 


MM4001 
MM4003 


CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 


Continuous 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 
Operating and Storage 


Junction 
Temperature Range 


3 Collector 
2 
Base 
3 fy 


1 Emitter 


GENERAL PURPOSE 
TRANSISTORS 
PNP SILICON 


Characteristic 


Thermal Resistance, Junction to Ambient 





Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Mex | Unit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(1) V(BR)CEO Vde 
(Ic = —10 mAdc, Ig = 0) MM4001 
MM4003 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(l— = 0, I¢ = —100 wAdc) MM4001 
MM4003 








Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = —100 wAdc, Ic = 0) 


Collector Cutoff Current ICBO pAdc 
(VcRB = —50 Vdc, Ig = 
(VcB = —75 Vdc, Ip = MM4001 
(VcB = —150 Vde, Ie = 0) MM4003 


ON CHARACTERISTICS 


DC Current Gain(1) hFE 20 
(Ic = —10 mAdc, Vcge = —10 Vdc) 





Collector-Emitter Saturation Voltage(1) VCE(sat) Vde 
(Ic = —10 mAdc, Ip = —1.0 mAdc) MM4001 
MM4003 


SMALL-SIGNAL CHARACTERISTICS 
Output Capacitance 


(Vcg = —20 Vdc, Ig = 0, f = 1.0 MHz) MM4001 
MM4003 





(1) Pluse Test: PW < 300 us, Duty Cycle < 2.0%. 
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MM4005 


MAXIMUM RATINGS CASE 79-04, STYLE 1 




















[Rating | Symbol | Value | Unit TO-39 (TO-205AD) 
Collector-Emitter Voltage ies «me VCEO: | -60 =| Vde | ORE 
Collector-Base Voltage _ eae VcBO | 60 | de | 
Total Device Dissipation @ Ta = 25°C 1.0 Watt > 32 . 
Derate above 25°C 7s 5.71 mW/°C | Base 

Total Device Dissipation @ Tc = 25°C 7.0 Watts — 3 1 Einitiee 
Derate above 25°C . 40 | mw/rc | 244 | 

Operating and Storage Junction Ty, Tstg —65 to +200 °C 
Temperature Range 








AMPLIFIER TRANSISTOR 


PNP SILICON 


THERMAL CHARACTERISTICS 





cE 


Characteristic: 


Thermal Resistance, Junction to Ambient ReJA(1) 
Thermal Resistance, Junction to Case RgJjc ae a °C/W 


(1) ReJA is measured with the device soldered into a typical printed circuit board. 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic a | Symbol | Min [| Typ | Max | Unit | 
OFF CHARACTERISTICS | 


Collector-Emitter Breakdown Voltage(2) . V(BR)CEO Vdc 
(Ic = —10 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage | V(BR)CBO Vdc 
(Ic = —100 wAdc, Ie = 0) . 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(le = —100 pAde, Ic = 0) 
Collector Cutoff Current ° ICBO nAdc 
(VcB = —50 Vdc, Ie = 0) 
Emitter Cutoff Current 
(VER = —3.0 Vdc, IE = 0) . 
ON CHARACTERISTICS 


DC Current Gain 
(IC = —1.0 mAde, VcE = —1.0 Vdc) 
(Ic = ~150 mAdc, Veg = —1.0 Vdc)(2) 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = -— 150 mAdc, Ip = —15 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) 
(I¢ = —150 mAdc, Ip = —15 mAdc) 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(2) 
(Ic = —50 mAdc, Vcg = —10 Vdc, f = 20 MHz) 


Output Capacitance 





































(VcB = —10 Vde, Ig = 0, f = 1.0 MHz) 


Input Capacitance 
(Veg = —0.5 Vdc, Ic = 0, f = 1.0 MHz) 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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MM4209* 


CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Rating ——SSSS=*Y:S«Sy bol 
Collector-Emitter Voltage VcCEO este | 
Collector-Base Voltage VCBO | 15 | de 








Emitter-Base Voltage VEBO Pe OUeEPE 


Collector Current — Continuous 







Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage Jucntion 
Temperature Range 






1 Emitter 







SWITCHING TRANSISTOR 





THERMAL CHARACTERISTICS 


Characteristic 


PNP SILICON 





*This is a Motorola 
designated preferred device. 


Thermal Resistance, Junction to Ambient 
Thermal Resistance, Junction to Case RgJc 146 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

Characteristic 
Collector-Emitter Breakdown Voltage(1) (ic = —3.0 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage (Ic = —100 wAdc, Veg = 0) 
Collector-Base Breakdown Voltage (Ic = — 100 uAdc, IE = 0) 


Emitter-Base Breakdown Voltage (iE = — 100 Adc, Ic = 0) V(BR)EBO 


Collector Cutoff Current (Vce = —8.0 Vdc, Vee = 0) 
(VcE = ~—8.0 Vdc, Vege = 0, Ta = 125°C) 


Base Current (Vcr = —8.0 Vdc, Vege = 0) 
ON CHARACTERISTICS 
DC Current Gain 


(Ic = —1.0 mAdc, Vce = —0.5 Vdc) 

(I¢ = —10 mAdc, Vce = —1.0 Vde)(1) 

(ic = —10 mAdc, Vee = —1.0 Vde, Ta = —55°C)(1) 
(ic = —50 mAdc, VcE = —1.0 Vde)(1) 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = —1.0 mAdc, Ip = —0.1 mAdc) 
(ic = —10 mAdc, Ip = —1.0 mAdc)(1) 
(Ic = —50 mAdc, Ip = —5.0 mAdc)(1) 

Base-Emitter Saturation Voltage VBE(sat) 
(Ic = —1.0 mAdc, lg = — 0.1 mAdc) 
(Ic = —10 mAdc, IR = —1.0 mAdc)(1) 
(I¢ = —50 mAdc, Ip = —5.0 mAdc)(1) 
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MM4209 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
fp haracteristic | Symbot | min | Max | Unit 
SMALL-SIGNAL CHARACTERISTICS 7 7 7 eo! 


Current-Gain — Bandwidth Product _ 
Ic = —10 mAdc, Vcge = —10 Vdc, f = 100 MHz) 


Output Capacitance 
(VcB = —5.0 Vde, Ie = 0, f = 1.0 MHz) 


input Capacitance 
(VER = —0.5 Vdc, Ic = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 





: (Vcc = —1.5 Vdc, Veg = 0, 
Belay tame Ic = —10 mAdc, Ip = —1.0 mAdc) 
Turn-Off Time ( 
Ic 
IB 


Vcc = — 1.5 Vde, VBE = 0, 
= —10 mAdc, 
1 = Ip2 = —1.0 mAdc) 


Fall Time 





(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0% 
(2) f7 is defined as the freqency at which |h¢g| extrapolates to unity. 
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MAXIMUM RATINGS MM5007 


[Characters «YC Symbal 
Collector-Emitter Voltage VCEO 





CASE 79-04, STYLE 1 
TO-39 (TO-205AD) 
















3 Collector 
2 
Base 
3 2"14 1 Emitter 


AUDIO TRANSISTOR 







Collector-Base Voltage VcBO 
Emitter-Base Voltage VEBO 
Collector Current — Continuous Lie | 
Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 
Total Device Dissipation 
@ Tc = 25°C 
Derate above 25°C 45. 7 mWw/°C 
Operating and Storage Junction Ty. Tstg —65 to +200 a 63 
Temperature Range 
THERMAL CHARACTERISTICS 
| Characteristic | Symbol | Max | Unit 
Thermal Resistance, Junction to Ambient R@JA 
Thermal Resistance, Junction to Case °C/W 


PNP SILICON 






ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | unit | 


Collector-Emitter Breakdown Voitage(1) V(BR)CEO 
(ic = -10 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = —100 pAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
lE = —100 pAdc, Ic = 0) 

Collector Cutoff Current ICBO nAdc 
(VcB = —100 Vdc, IE = 0) 

Emitter Cutoff Current nAdc 
(VERB = —4.0 Vdc, Ic = 0) 

ON CHARACTERISTICS 

DC Current Gain HFE 
(ic = —1.0 mAde, Veg = —1.0 Vdc) 
(ic = —250 mAdc, VcE = ~2.5 Vde)(1) 

Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = —150 mAdc, Ig = ~—15 mAdc)(1) 

Base-Emitter On Voltage(1) VBE(on) 
(Ic = —150 mAdc, VcgE = —2.5 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product(1) 
(Ic = —50 mAdc, VcgE = —10 Vdc, f = 20 MHz) 





OFF CHARACTERISTICS 





















Output Capacitance 
(VcB = —10 Vdc, IE = 0, f = 1.0 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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CASE 22-03, STYLE 1 
TO-18 (TO-206AA) 


MAXIMUM RATINGS 


Rating | Symbol _| Value 
| Collector-Emitter Voltage 4 
Collector-Base Voltage | Vcpo | 50 | 
Emitter-Base Voltage | Vepo | 12. 
| Collector Current— Continuous || ic |= 300 | mA 


Total Device Dissipation @ Ta = 25°C 375 
Derate above 25°C 2.14 w/°C 
Total Device Dissipation @ Tc = 25°C 1.25 Watts 
Derate above 25°C 7.15 Ww/°C 
Operating and Storage Junction Ty, Tstg | —65 to +200 °C 
Temperature Range 


THERMAL CHARACTERISTICS DARLINGTON TRANSISTOR 


Tone] 
mands | 
m 


c 
Cc 
Cc 
WwW 


3 Collector 
2 
Base 

3 2 U, 1 Emitter 





NPN SILICON 


Thermal Resistance, Junction to Ambient 
Thermal Resistance, Junction to Case 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[SSCS arate «d SS ymbot [Min | Max [Unie 


OFF CHARACTERISTICS | 

Collector-Emitter Breakdown Voltage V(BR)CEO 
(ic = 1.0 mAdc, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(ic = 100 wAde, Ip = 0) | 

Emitter-Base Breakdown Voltage V(BR)EBO 
(lg = 10 wAdc, Ic = 0) -_ 

Collector Cutoff Current 


(Vcp = 30 Vdc, Ie = 0) 


Emitter Cutoff Current 
(VER = 10 Vdc, Ic = 0) 


ON CHARACTERISTICS(1) 


DC Current Gain 
(I¢ = 10 mAdc, Veg = 5.0 Vdc) 


hFE 
5000 
(I¢ = 100 mAdc, VcgE = 5.0 Vde) 10,000 
Collector-Emitter Saturation Voltage VCE(sat) _ Vde 
(I¢ = 100 mAdc, Ip = 0.1 mAdc) 
Base-Emitter On Voltage | VBE(on) Vde 
(I¢ = 100 mAdc, VcgE = 5.0 Vdc) 

















SMALL-SIGNAL CHARACTERISTICS 


Output Capacitance 
(Veg = 10 Vdc, IE = 0, f = 1.0 MHz) 


Input Capacitance 


(VeR = 0.5 Vdc, Ic = 0, f = 1.0 MHz) 


Small-Signal Current Gain(1) 
(I¢ = 10 mAdc, VcE = 5.0 Vdc, f = 100 MHz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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INS 


CASE 29-03 
(TO-226AE) 
1 WATT TO-92 


CASE 29-04 
(TO-226AA) 
TO-92 


CASE 318-07 CASE 318E-04 
(TO-236AB) (TO-261AA) 


SOT-23 SOT-223 Field-Effect 
Transistors 





The data sheets on the following pages are designed to 
emphasize those FETs that by virtue of widespread industry 
use, ease of manufacture, and low relative cost, merit first con- 
sideration for new equipment design. 


CAUTION: 


Static electricity is a surface phenomenon which most com- 
monly occurs when two dissimilar materials come into contact 
and then separate. Electro Static Discharge (ESD) damage of 
semiconductor components by operating personnel is quickly 
becoming a very prominent and significant problem. From simple 
bipolar designs to sensitive MOSFET structures, ESD has its 
unforgiving effect of degradation or destruction. 

Motorola believes it is important to extend any emphasizing 
note of cautiousness when handling and testing ANY FET prod- 
uct. Precautions include, but are not limited to, the implemen- 
tation of static safe workstations and proper handling techniques. 
Additionally, it is very important to keep FET devices in their 
antistatic shipping containers and away from static-generating 
materials. 

The MDC1000 and MDC1005 series provides rapid turn-off 
of MOSFETs with a single driving device versus using a four 
device circuit (see SMALLBLOCK Products, Section 6). 


NOTE: All SOT-23 package devices have had a ‘’T1” suffix 
added to the device title. 
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EMBOSSED TAPE AND REEL 


SOT-23 and SOT-223 packages are available only in Tape and Reel. Use the appropriate suffix indicated 
below to order any of the SOT-23 and SOT-223 packages. (See Section 7 on Packaging for additional 
information). 


~SOT-23: available in 8 mm Tape and Reel 
' Use the device title (which already includes the “T1” suffix) to order the 7 inch/3000 unit reel. 
- Replace the “T1” suffix in the device title with a “T3” suffix to order the 13 inch/10,000 unit reel. 


SOT-223: available in 12 mm Tape and Reel 
Use the device title (which already includes the “T1” suffix) to order the 7 inch/1000 unit reel. 
Replace the “T1” suffix in the device title with a “T3” suffix to order the 13 inch/4000 unit reel. 


RADIAL TAPE REEL AND AMMO PACK 


TO-92 packages are available in both bulk shipments and in Radial Tape Reel and Ammo Packs. 
Radial Tape Reel and Ammo Pack are the best methods for capturing devices for automatic insertion in 
printed circuit boards. 


TO-92: available in 365 mm Radial Tape Reel 
Add an “RLR” suffix and the appropriate Style code* to the device title to order the Radial 
Tape Reel. 


available in Ammo Pack (Fan Fold Box) 
Add an “RLR” suffix and the appropriate Style code” to the device title to order the Ammo 
Pack box. 


*Refer to Section 7 on Packaging for Style code characters and additional information on ordering 
requirements. 


DEVICE MARKINGS/DATE CODE CHARACTERS 


The SOT-23 package has a device marking and a date code etched on the device. The generic 
example below depicts both the device marking and a representation of the date code that appears on the 
SOT-23 package. 


ABCD 


The “D” represents a smaller alpha digit Date Code. The Date Code indicates the actual month in which the 
part was manufactured. 
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2N5457 
thru 
2N5459* 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 


NY 1 Drain 


MAXIMUM RATINGS 






(or eee ae Oe Sa 
[Gate Curent ———SSSSCS*d ig «Sto 


Total Device Dissipation @ Ta = 25°C 310 mW 
Derate above 25°C 2.82 mWw/°C 
Storage Channel Temperature Range —65 to + 150 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Gate-Source Breakdown Voltage V(BR)GSS Vdc 
(Ig = —10 wAdc, Vps = 0) 
Gate Reverse Current IGss nAdc 
— 1.0 
— 200 


(VGs = —15 Vde, Vps 
(VGs = —15 Vdc, Vps 
VGS(off) 







2 Source 


JFETs 
GENERAL PURPOSE 


N-CHANNEL — DEPLETION 


*These are Motorola 
designated preferred devices. 








OFF CHARACTERISTICS 
























0) 
0, Ta = 100°C) 












Gate Source Cutoff Voltage 

(Vps = 15 Vdc, Ip = 10 nAdc) 2N5457 
2N5458 
2N5459 






Gate Source Voltage 
(Vps = 15 Vdc, Ip = 100 wAdc) 2N5457 
(Vps = 15 Vde, Ip = 200 pAdc) 2N5458 
(Vps = 15 Vdc, Ip = 400 wAdc) 2N5459 


ON CHARACTERISTICS 
Zero-Gate-Voltage Drain Current* 
(Vps = 15 Vdc, Ves = 0) 2N5457 
2N5458 
2N5459 


















SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance Common Source* 
(Vps = 15 Vdc, Vgsg = 0, f = 1.0 kHz) 2N5457 
2N5458 
2N5459 


Output Admittance Common Source* 


(Vps = 15 Vdc, Vgs = 0, f = 1.0 kHz) 


Input Capacitance Ciss 
(Vps = 15 Vdc, Vgs = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 Vdc, VGs = 0, f = 1.0 MHz) 


*Pulse Test: Pulse Width < 630 ms; Duty Cycle < 10%. 
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2N5457 thru 2N5459 


FIGURE 1— NOISE FIGURE versus FREQUENCY FIGURE 2 — NOISE FIGURE versus SOURCE RESISTANCE 




















A il = “7h 
CUNT TTA TMT Be: SS 
Ee ys 
anil STN PNT TIE ELIT 
; TUM an a ae 
, Tht TTT ETAT TTT 
a time CCN FE rT 
TT CTT ; tit 
0 001 
f, FREQUENCY (kHz) Rs, SOURCE RESISTANCE (Megohms) 
FIGURE 4 — COMMON SOURCE TRANSFER 
FIGURE 3 — TYPICAL DRAIN CHARACTERISTICS CHARACTERISTICS 
VGS(off) = —1.2 VOLTS VGSs(off) = —1.2 VOLTS 





Ip, DRAIN CURRENT (mA) 
Ip, DRAIN CURRENT (mA) 





Vps, DRAIN-SOURCE VOLTAGE (VOLTS) Ves, GATE-SOURCE VOLTAGE (VOLTS) 
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Ip, DRAIN CURRENT (mA) 


Ip, DRAIN CURRENT (mA) 








2N5457 thru 2N5459 


FIGURE 6 — COMMON SOURCE TRANSFER 
FIGURE 5 — TYPICAL DRAIN CHARACTERISTICS CHARACTERISTICS 
VGS(off) = —3-5 VOLTS VGSl(off) = —3.5 VOLTS 








= 3 
= 
= 
Fa 
= 
<x 
= 
5. 2 
f 
—5 —4 —3 —2 —1 0 
Vos, DRAIN-SOURCE VOLTAGE (VOLTS) Ves, GATE-SOURCE VOLTAGE (VOLTS) 
FIGURE 8 — COMMON SOURCE TRANSFER 
FIGURE 7 — TYPICAL DRAIN CHARACTERISTICS CHARACTERISTICS 
VGS(off) = —5.8 VOLTS VGS(off) = —5.8 VOLTS 
é 
Ps 
& 
3 
= 
< 
= 
rr 
Vps, DRAIN-SOURCE VOLTAGE (VOLTS) Ves, GATE-SOURCE VOLTAGE (VOLTS) 


NOTES: 1. Graphical data is presented for de conditions. Tabular data is 
given for pulsed conditions (Pulse Width = 630 ms, Duty Cycle = 
10%). Under de conditions, self heating in higher Ipsg units re- 
duces ! pss (See Figure 10). 


2. Figures 8, 9, 10: Data taken in a standard printed circuit with a 
TO-18 type socket mounting and 1/4” lead length. 
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(2N5460 
~ thru 
2N5462* 
CASE 29-04, STYLE 7 
TO-92 (TO-226AA) 


ANS 


MAXIMUM RATINGS | 


3-7 
Gate 


Drain-Gate Voltage | Voe | 40 
Reverse Gate-Source Voltage VGSR | 40 
Forward Gate Current IG(f) IO | 


VDG 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Junction Temperature Range 
Storage Channel Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[hereto «dbo | in| tp Mee | Ue 


OFF CHARACTERISTICS | 


Gate-Source Breakdown Voltage V(BR)GSS 
(Ig = 10 pAdc, Vps = 0) 2N5460, 2N5461, 2N5462 


Gate Reverse Current _ 
(VGs = 20 Vdc, Vps = 0) 2N5460, 2N5461, 2N5462 
(VGs = 30 Vdc, Vps = 0) . 
(VGs = 20 Vdc, Vps = 0, Ta = 100°C) 2N5460, 2N5461, 2N5462 
(VGs = 30 Vde, Vps = 0, Ta = 100°C) 


Gate Source Cutoff Voltage VGS(off) 
(Vpg = 15 Vdc, Ip = 1.0 wAdc) 2N5460 | 
2N5461 
2N5462 


1 Source 


JFET 
AMPLIFIERS 
P-CHANNEL — DEPLETION 


*These are Motorola 
designated preferred devices. 








Gate Source Voltage 
(Vps = 15 Vdc, Ip = 0.1 mAdc) 2N5460 
(Vps = 15 Vde, Ip = 0.2 mAdc) 2N5461 
(Vps = 15 Vdc, Ip = 0.4 mAdc) ~ 2N5462 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 15 Vdc, Ves = 0, » 2N5460 
f = 1.0 kHz)  2N5461 
2N5462 
SMALL-SIGNAL CHARACTERISTICS 
Forward Transfer Admittance 
(Vps = 15 Vdc, Ves = 0, f = 1.0 kHz) 2N5460 
2N5461 
2N5462 
Output Admittance 
(Vps = 15 Vdc, Veg = 0, f = 1.0 kHz) 
Input Capacitance 
(Vps = 15 Vdc, VGs = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 Vdc, Ves = 0, f = 1.0 MHz) 





FUNCTIONAL CHARACTERISTICS 












Noise Figure & . 
(Vps = 15 Vdc, VGsg = 0, Rg = 1.0 Megohm, f = 100 Hz, BW = 1.0 Hz) 


Equivalent Short-Circuit Input Noise Voltage 
(Vps = 15 Vdc, Ves = 0, f = 100 Hz, BW = 1.0 Hz) 






Ma ald Soll all Rall 
Oe lal Mi 
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2N5460 thru 2N5462 


FORWARD TRANSFER ADMITTANCE 





DRAIN CURRENT versus GATE 
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2N5460 thru 2N5462 


- FIGURE 7 — OUTPUT RESISTANCE 
VERSUS DRAIN CURRENT 
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FIGURE 8 — CAPACITANCE VERSUS 
DRAIN-SOURCE VOLTAGE 





Vps, ODRAIN-SOURCE VOLTAGE (VOLTS) 


FIGURE 10 — NOISE FIGURE VERSUS 
SOURCE RESISTANCE 
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FIGURE 11 — EQUIVALENT LOW FREQUENCY CIRCUIT 


Vi 





Coss | 1Yts| Yi 


Common Source 
y Parameters for Frequencies 
Below 30 MHz 


Vis = 1 Cicg 


Vos = iW Cg,” + It 
Yts~ Yfs | 


= —jw Crss 


osp oss 





= Yrs 


“Cosp is Coss in parallel with Series Combination of Ciss and Crss, 


NOTE: 


1. Graphical data is present 


Tabular data is 


ns. 
given for pulsed c conchiies itu lee Wien = “630 ms, Duty Cycle = 
10%). 
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2N5484 
thru 
2N5486* 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 


NS 


1 Drain 


MAXIMUM RATINGS 








_ 2 Source 


JFET 
VHF/UHF AMPLIFIERS 
N-CHANNEL — DEPLETION 


Forward Gate Current IG(f) 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
Operating and Storage Junction Ty, Tstg ~65 to +150 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[SSC haractonstic «dvb | win | ty | me | Ome 


OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage V(BR)GSS 

(Ig = —1.0 wAdc, Vps = 0) 
Gate Reverse Current IGss 

(VGs = —20 Vde, Vps 

(VGsS = —20 Vdc, Vps 
Gate Source Cutoff Voltage VGSloff) 

(Vps = 15 Vdc, Ip = 10 nAdc) 2N5484 
SMALL-SIGNAL CHARACTERISTICS 
Forward Transfer Admittance umMhos 

(Vps = 15 Vde, VGs = 0, f = 1.0 kHz) 2N5484 3000 

2N5485 3500 
2N5486 4000 

Input Admittance Re(yjs) pmhos 
(Vps = 15 Vdc, Vgsg = 0, f = 100 MHz) 2N5484 100 
(Vps = 15 Vdc, Vgs = 0, f = 400 MHz) 2N5485, 2N5486 1000 
Output Admittance lYos| pmhos 
(Vps = 15 Vde, Vgés = 0, f = 1.0 kHz) 2N5484 50 
2N5485 60 
2N5486 75 





*These are Motorola 
designated preferred devices. 













0) 
0, Ta = 100°C) 
















2N5485 
2N5486 


ON CHARACTERISTICS 
Zero-Gate-Voltage Drain Current 
(Vps = 15 Vdc, Vgsg = 0) 2N5484 
2N5485 
2N5486 





Output Conductance Re(yos) pmhos 
(Vps = 15 Vdc, Vgg = 0, f = 100 MHz) 2N5484 75 
(Vps = 15 Vdc, Vgs = 0, f = 400 MHz) 2N5485, 2N5486 100 


Forward Transconductance Re(yfs) pmhos 
(Vps = 15 Vde, Vgsg = 0, f = 100 MHz) 2N5484 2500 
(Vps = 15 Vde, Vgsg = 0, f = 400 MHz) 2N5485 3000 
2N5486 3500 
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2N5484 thru 2N5486 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


7 Characteristic 


Input Capacitance’ _ | 
(Vps = 15 Vdc, VGsg = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 Vdc, VGs = 0, f = 1.0 MHz) 


Output Capacitance 
(Vps = 15 Vdc, Vgs = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERIST ICS 


Noise Figure se 
(Vps = 15 Vdc, V6g = 0, Rg = 1.0 Megohm, f = 1.0 kHz) 
(Vps = 15 Vdc, Ip = 1.0 mAdc, 2N5484 
Rg =~ 1.0 k ohm, f = 100 MHz) 
(Vps = 15 Vdc, Ip = 1.0 mAdc, 2N5484 
Rg ~ 1.0 k ohm, f = 200 MHz) . 
(Vps = 15 Vde, Ip = 4.0 mAdc, - 2N5485, 2N5486 
Rg ~ 1.0 k ohm, f = 100 MHz) 
(Vpg = 15 Vdc, Ip = 4.0 mAdc, 2N5485, 2N5486 
Rg ~ 1.0 k ohm, f = 400 MHz) 


Common Source Power Gain © 

(Vps = 15 Vdc, Ip = 1.0 mAdc, f = 100 MHz) 2N5484 

(Vps = 15 Vdc, Ip = 1.0 mAde, f = 200 MHz) 2N5484 

(Vps = 15 Vde, Ip = 4.0 mAdc, f = 100 MHz) 2N5485, 2N5486 
(Vps = 15 Vdc, Ip = 4.0 mAdc, f = 400 MHz) 2N5485, 2N5486 








POWER GAIN 
FIGURE 1 — EFFECTS OF DRAIN CURRENT 


"Pg, POWER GAIN (d8) 


core 
6.0 8.0 10 12 


1p, ORAIN CURRENT (mA) 
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Neutralizing 


Rage Oe ee 7 | VALUE 
r | Reference VALUE 
tty c2 c3) | Designation | 100 MHz | 400 MHz 


Coil 


Adjust Vgs for 
tp = 50mA 
Voes< 0 Volts 





2N5484 thru 2N5486 


FIGURE 2 — 100 MHz and 400 MHz NEUTRALIZED TEST CIRCUIT 










—_ 


| ca 1-12pF | 0.8-8.0 pF 







{ Load 








0.001 uF 
[er Tonarsnt [0007 nr 


NOTE: The noise source is a hot-cold body 
(AIL type 70 or equivalent) with a 
test receiver (AIL type 136 or equivalent). 


*L1 = 17 turns, (approx. — depends upon circuit layout) AWG #28 **L1  6turns, (approx. — depends upon circuit layout) AWG #24 


enameled copper wire, close wound on 9/32’ ceramic coil 
form. Tuning provided by a powdered iron slug. 


enameled copper wire, close wound on 7/32” ceramic coil 
form. Tuning provided by an aluminum slug. 


L2 4-1/2 turns, AWG #18 enameled copper wire, 5/16” long, L2 1 turn, AWG #16 enameled copper wire, 3/8’' |.D. (AIR 
3/8’ 1.D. (AIR CORE). CORE). 

L3 3-1/2 turns, AWG #18 enameled copper wire, 1/4” long, L3 1/2 turn, AWG #16 enameled copper wire, 1/4’ 1.D. (AIR 
3/8’ 1.0. (AIR CORE). CORE). 


FIGURE 3 — EFFECTS OF DRAIN-SOURCE VOLTAGE 


NF, NOISE FIGURE (dB) 





NOISE FIGURE 
(Tchannel = 25°C) 


FIGURE 4 — EFFECTS OF DRAIN CURRENT 


NF, NOISE FIGURE (dB) 





4.0 6.0 8.0 10 12 14 


Gea 
re ee ees 
0 


10 12 14 16 18 20 0 


Vos, DRAIN-SOURCE VOLTAGE (VOLTS) Ip, ORAIN CURRENT (mA) 


INTERMODULATION CHARACTERISTICS 


FIGURE 5 — THIRD ORDER INTERMODULATION DISTORTION 


Vos= 15 Vde 
f1 = 399 MHz 
f2 = 400 MHz 


Pout, OUTPUT POWER PER TONE (dB) 





Pin, INPUT POWER PER TONE (dB) 
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2N5484 thru 2N5486 


COMMON SOURCE CHARACTERISTICS 
ADMITTANCE PARAMETERS 
(Vpg = 15 Vde, Tchannel = 25°C) 


FIGURE 6 — INPUT ADMITTANCE (yjs) FIGURE 7 — REVERSE TRANSFER ADMITTANCE (yrs) 
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2N5484 thru 2N5486 


COMMON SOURCE CHARACTERISTICS 
S-PARAMETERS 
(Vps = 15 Vdc, Tchannel = 25°C, 
Data Points in MHz) FIGURE 11 —$12s 


30° 20° 10° 0° 3509 340° 330° 30° 20° 109 0° 350° 340° 330° 


FIGURE 10 — $44 
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230° 


220° 








2N5484 thru 2N5486 


COMMON GATE CHARACTERISTICS 


ADMITTANCE PARAMETERS 
(Vpg = 15 Vde, Tchannet = 25°C) 


FIGURE 15 — REVERSE TRANSFER ADMITTANCE (Yrg) 


FIGURE 14 — INPUT ADMITTANCE (yig) 
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FIGURE 17 — OUTPUT ADMITTANCE (Yog) 


FIGURE 16 — FORWARD TRANSFER ADMITTANCE (y¢g) 
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2N5484 thru 2N5486 


COMMON GATE CHARACTERISTICS 
S-PARAMETERS 


(Vpg = 15 Vde, Tchannel = 25°C, 
FIGURE 18 — S414 Data Points in MHz) FIGURE 19 —S12g 
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2N5555 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 


ISS 


MAXIMUM RATINGS 


Rating et 


Drain-Source Voltage 
eog 2 Source 
Drain-Gate Voltage 


Gate-Source Voltage 


Forward Gate Current ae 


JFET 
SWITCHING 


N-CHANNEL — DEPLETION 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Junction Temperature Range —65 to + 150 
Storage Temperature Range —65 to +150 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min [| Max | Unit __| 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage ViBR)GSS 25 Vde 
(Ig = 10 pAdc, Vps = 0) 

Gate Reverse Current loss | 
(VGs = 15 Vdc, Vps = 0) 


Drain Cutoff Current 
(Vps = 12 Vdc, Vgg = —10 V) 
(Vps = 12 Vdc, Ves —10 V, Ta = 100°C) 





Refer to 2N5484 for graphs. 








ON CHARACTERISTICS 












Zero-Gate-Voltage Drain Current* IDss mAdc 
(Vps = 15 Vde, Veg = 0) | | 

Gate-Source Forward Voltage VGS(f) Vdc 
(IG(f) = 1.0 mAdc, Vps = 0) 

Drain-Source On-Voltage . VDS(on) 
(Ip = 7.0 mAdc, Vgs = 0) 

















Static Drain-Source On Resistance 
(Ip = 0.1 mAdc, Vgs = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Small-Signal Drain-Source “ON” Resistance 
(Vgs = 0, Ip = 0, f = 1.0 kHz) 


Input Capacitance 
(Vps = 15 Vde, Veg = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance. 
(Vps = 0, VG@g = 10 Vdc, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS 


Turn-On Delay Time_ (Vpp = 10 Vdc, Ip(on) = 7-0 mAdc, 


Rise Time VGSion) = 9, VGS(off) = —10 Vde) » 
(See Figure 1) 





Turn-Off Delay Time a (Vpp = 10 Vde, ID(on) = 7-0 mAdce, 


Fall Time VGS(on) = 9 VGSioff) = —10 Vdc) 
-. (See Figure 1) 


*Pulse Test: Pulse Width < 300 us, Duty Cycle < 3.0%. 
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2N5555 


FIGURE 1 — SWITCHING TIMES TEST CIRCUIT 


jw Pulse Width 


| 
— |- ——— Y6S(on) 








Voo 











90% 






50 Ohm 
Coaxial 






TEKTRONIX 

















| | 
| | 
Cable 567 INPUT | VGSloft) 
SAMPLING fle | 
. SCOPE | | | 
PULSE 50 Ohm Coaxial Cable ae \-— Input Pulse —_—-| |. Input Pulse 
GENERATOR | Rise Time | | Fall Time 
(50 Ohms) i 
Rin = 50 Ohms | | 
| 
| | 
| | | | 
—~| td(on) = !—-—_— —| td(off) |\—— 
= | 
INPUT PULSE OUTPUT 


Rise Time < 1.0 ns 

Fall Time < 1.0 ns 

Nominal Value of “on” Pulse Width = 400 ns 
Duty Cycle < 1.0% 

Generator Source Impedance = 50 Ohms 
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2N5638 
thru 
~2N5640° 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 








Rating 


2 Source 





Forward Gate Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Junction Temperature Range 
Storage Temperature Range 


JFETs 
SWITCHING 


N-CHANNEL — DEPLETION 






Refer to MPF4391 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_ | Min | Max | Unit __| 


OFF CHARACTERISTICS 









Gate-Source Breakdown Voltage V(BR)GSS Vde 
(Ig = 10 wAdc, Vps = 0) 
Gate Reverse Current less 
nAdc 
pAdc 

















(VGs = —15 Vde, Vps = 0) 
(VGs = —15 Vdc, Vps = 0, Ta = 100°C) 


Drain Cutoff Current 














(Vps = 15 Vde, Vgg = —12 Vdc) 2N5638 nAdc 
(Vps = 15 Vdc, Vgg = —8.0 Vdc) 2N5639 
(Vpg = 15 Vde, Vg = —6.0 Vdc) 2N5640 
(Vps = 15 Vdc, Vag = —12 Vde, Ta = 100°C) 2N5638 wAdc 
(Vps = 15 Vdc, Vgg = —8.0 Vdc, Ta = 100°C) 2N5639 






(Vps = 15 Vde, Ves 2N5640 


ON CHARACTERISTICS 
Zero-Gate-Voltage Drain Current(1) 
(Vps = 20 Vdc, Vgs = 0) 2N5638 


2N5639 
2N5640 


—6.0 Vde, Ta = 100°C) 





Drain-Source On-Voltage 
(Ip = 12 mAdc, Veg = 0) 2N5638 
(Ip = 6.0 mAdc, Veg = 0) 2N5639 
(ID = 3.0 mAdc, Vgs = 0) 2N5640 


Static Drain-Source On Resistance 
(Ip = 1.0 mAdc, VGs = 0) 2N5638 
2N5639 
2N5640 





SMALL-SIGNAL CHARACTERISTICS 


Static Drain-Source “ON” Resistance 
(VGs = 0, Ip = 0, f = 1.0 kHz) 2N5638 
2N5639 
2N5640 


Input Capacitance 
(Vps = 0, VGs = —12 Vde, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 0, Vgg = —12 Vde, f = 1.0 MHz) 
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2N5638 thru 2N5640 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbot | min | Max | Unit 


SWITCHING CHARACTERISTICS 


Turn-On Delay ~ | ID(on) = 12 mAdc 2N5638 
Time 6.0 mAdc 2N5639 
3.0 mAdc 2N5640 


Rise Time Vpp = 10 Vdc, ID(on) = 12 mAdc 2N5638 
6.0 mAdc 2N5639 


Turn-Off Delay VGSi(off) = ~— 10 Vdc, ID(ion) = 12 mAdc 2N5638 
Time 6.0 mAdc 2N5639 
Rg’ = 50 ohms 3.0 mAdc 2N5640 


Fall Time ID(on) = 12 mAdc 2N5638 
6.0 mAdc 2N5639 
3.0 mAdc 2N5640 





(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 3.0%. 
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2N5668 
thru 
2N5670 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 


1 Drain 


MAXIMUM RATINGS 








Drain-Source Voltage P ae ee 
Drain-Gate Voltage | Vpg | 25. | 
Reverse Gate-Source Voltage | Vesr_ | 25 | 
Drain Current ee ee 
Forward Gate Current 


Total Device Dissipation @ Ta = 25°C mW 
Derate above 25°C mWw/°C 


2 Source 


JFET 
VHF AMPLIFIERS 







N-CHANNEL — DEPLETION 





Refer to 2N5484 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 





Characteristic | Symbol | Min | typ | Mex | Unit | 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 25 Vdc 
(lg = 10 wAdc, Vps = 0) 


Gate Reverse Current 
(VGs = —15 Vde, Vps = 0) ; nAdc 
(VGs = —15 Vdc, Vps = 0, Ta = 100°C) . pAdc 


Gate Source Cutoff Voltage Vdc 
(Vps = 15 Vde, Ip = 10 nAdc) 2N5668 
2N5669 
2N5670 





ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = 15 Vde, V6s = 0) 2N5668 
2N5669 
2N5670 





SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance lyfs| pumhos 
(Vpg = 15 Vde, Vgg = 0, f = 1.0 kHz) 2N5668 1500 6500 
2N5669 2000 6500 
2N5670 3000 7500 


Input Admittance Re(yjs) 800 pemhos 
(Vps = 15 Vde, Ves = 0, f = 100 MHz) 


Output Admittance lYos| pmhos 
(Vps = 15 Vde, Ves 20 
50 
75, 
Re(ygs) pmhos 
10 50 
25 100 
2N5670 35 150 
Forward Transconductance Re(yfg) pmhos 
(Vps = 15 Vdc, Veg = 0, f = 100 MHz) 2N5668 1000 
2N5669 1600 
2N5670 2500 


Input Capacitance Ciss 4.7 7.0 
(Vps = 15 Vdc, VGsg = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss pF 
(Vps = 15 Vdc, Ves = 0, f = 1.0 MHz) . 
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0, f = 1.0 kHz) 2N5668 
2N5669 
2N5670 






Output Conductance 
(Vps = 15 Vde, Vgs = 0, f = 100 MHz) 2N5668 
2N5669 
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2N5668 thru 2N5670 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Output Capacitance 
-(Vps = 15 Vdc, Veg = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure (Figure 1) 
(Vps = 15 Vde, Ves = 0, f = 100 MHz at Rg’ = 1.0 k ohm) 


Common Source Power Gain (Figure 1) 
(Vps = 15 Vde, Ves = 0, f = 100 MHz) 


(1) Pulse Test: Pulse Width = 100 ms, Duty Cycle < 10%. 








100 MHz, POWER GAIN AND NOISE FIGURE TEST CIRCUIT 


L3 


Shield 






1000 pF 
Rg’ 
L2 
Ry = 50 Ohms 
0.001 uF 
Rs = 50 Ohms RF Choke 
L1 
0.001 uF 
0.01 uF 0.1 uF 

L1 ~ 8.5 Turns of #14 AWG Tinned Copper; Dia. ~ 3/8’, ~ 0.9" Long. = L3 = 17 Turns of #28 AWG Enameled 

Tapped at ~ 2-1/2 Turns (adjust to give Rg’ = 1.0 k ohm); Copper Wire, Close Wound on 9/32” 

Parallel Resistance = 40 k ohms; tunes at ~ 8.0 pF. Ceramic Form, Tuning Provided by a 
L2 = 13.5 Turns #16 AWG Tinned Copper; Dia. ~ 3/8”, ~ 1.2” Long. Powdered Iron Slug. 


Tapped at ~ 5 Turns; Parallel Resistance = 40 k ohms; 
tunes at ~ 4.0 pF. 


ee earn aE nIREIEEEnnnEenaEEaERsEnnEEanammemeaememmmennenen 
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2N7000* 


- MAXIMUM RATINGS | . 3 CASE 29-04, STYLE 22 
TO-92 (TO-226AA) 


Drain-Source Voltage — 


Drain-Gate Voltage > 
(Ros = 1 MQ) 


Gate-Source Voltage 


| WN 8 Brain’ 


Drain Current 


Continuous 
Pulsed 


Total Power Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating and Storage | Ty, Tstg | —55 to +150 2C 
Temperature Range 


THERMAL CHARACTERISTICS 


Thermal Resistance Junction to Ambient RgJA 312.5 


Maximum Lead Temperature for TL °C 
Soldering Purposes, 1/16” from case 
for 10 seconds 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Drain-Source Breakdown Voltage V(BR)DSS Vde 
(Vgs = 0, Ip = 10 pA) 


Zero Gate Voltage Drain Current loss | 
(Vps = 48 V, Vgs = 0) 1.0 pAdc 
(Vps = 48 V, Ves = 0, Ty = 125°C) 1.0 mA 
Gate-Body Leakage Current, Forward IGSSF nAdc 
(VGsF = 15 Vde, Vps = 0) 
ON CHARACTERISTICS* 
Gate Threshold Voltage VGSith) 3.0 Vde 
(Vps = Ves. Ip = 1.0 mA) 
Static Drain-Source On-Resistance 'DS(on) Ohm 
(VGs = 10 Vdc, ID = 0.5 Adc) 
(V6s = 4.5 V, Ip = 75 mA) 
dc 


Drain-Source On-Voltage V 
(VGs = 10 V, Ip = 0.5 Adc) 
(V6s = 4.5 V, lp = 75 mA) 


On-State Drain Current 
(VGs = 4.5 V, Vps = 10 V) 


1 Source 


TMOS FET 
TRANSISTOR 





N-CHANNEL — ENHANCEMENT 















*This is a Motorola 
designated preferred device. 








OFF CHARACTERISTICS 



























DYNAMIC CHARACTERISTICS 


Input Capacitance 
Output Capacitance (VDs es . a =8 
Reverse Transfer Capacitance | 


SWITCHING CHARACTERISTICS* 


Turn-On Delay Time (Vpp = 15 V, Ip = 500 mA 








Turn-Off Delay Time Rgen = 25 ohms, Ri = 25 ohms) 


(1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 
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2N7000 
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Figure 2. Transfer Characteristics 
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Figure 1. Ohmic Region 
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Figure 4. Temperature versus Gate Threshold Voltage 


T, TEMPSRATURE 0 
Figure 3. Temperature versus Static Drain-Source 


On-Resistance 
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MAXIMUM RATINGS 


2N7002LT1* 


CASE 318-07 STYLE 21 
SOT-23 (TO-236AB) 


Drain Current — Continuous Tc = 25°C(1) 
Tc = 100°C(1) 


— Pulsed(2) 


Total Power Dissipation = Tc = 25°C 
Tc = 100°C. 
Derate above 25°C ambient 


Total Device Dissipation FR-5 Board,* — 
Ta = 25°C . 
Derate above 25°C 


TMOS FET 
- TRANSISTOR 


Total Device Dissipation 
N-CHANNEL 


Alumina Substrate,** Ta = 25°C 


Derate above 25°C *This is a Motorola 


designated preferred device. 
Refer to 2N7000 for graphs. 





*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


DEVICE MARKING 
2N7002LT1 = 702 








ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(VGs = 0, Ip = 10 A) 
Zero Gate Voltage Drain Current 
(VGs = 0, Vps = 60 V) Ty = 25°C 
Ty = 125°C 


Gate-Body Leakage Current Forward 
(VGs = 20 Vdc) 
Gate-Body Leakage Current Reverse 


(VGs = —20 Vdc) 


(1) The Power Dissipation of the package may result in a lower continuous drain current. 
(2) Pulse Width < 300 us, Duty Cycle < 2.0%. 


ON CHARACTERISTICS* 








Gate Threshold Voltage VGS(th) 
(Vps = Ves. Ip = 250 pA) 
On-State Drain Current 
(Vps 2 2.0 Vps(on), VGs = 10 V) 
Static Drain-Source On-State Voltage VDS(on) 
(VGs = 10 V, ID = 500 mA) 
| (VGs = 5.0 V, Ip = 50 mA) 


Static Drain-Source On-State Resistance 
(VGs = 10 V, Ip = 500 mA) Tec = 25°C 
Tc = 100°C 
(VGs = 5.0V, Ip = 50mA) Tec = 25°C 
Te = 100°C 


Forward Transconductance 
(Vps 2 2.0 Vps(on), Ip = 200 mA) 
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2N7002LT1 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


DYNAMIC CHARACTERISTICS 


Input Capacitance Ciss pF 
(Vps = 25 V, Ves = 0,f = 1.0 MHz) 

Output Capacitance Coss 
(Vps = 25V, Ves = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 25 V, Ves = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS* are 
Turn-On Delay Time (Vpp = 30 V, Ip = 200 mA, 


Turn-Off Delay Time Rg = 259, RL = 150 ) 


BODY-DRAIN DIODE RATINGS 


Diode Forward On-Voltage 
(Is = 11.5 mA, Veg = 0 V) 














Source Current Continuous 
(Body Diode) 
Source Current Pulsed 


*Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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BF244,A,B,C0 


CASE 29-04, STYLE 22 ce 
TO-92 (TO-226AA) 1 Source | 


BF245,A,B,C i 


CASE 29-04, STYLE 23 cue. 
TO-92 (TO-226AA) 


MAXIMUM RATINGS > | 
| | 
VDG 
VGS 
IG(f 


2 Source 


1 
2 
3 


JFET 
VHF/UHF AMPLIFIERS 


N-CHANNEL — DEPLETION 


Gate-Source Voltage | ves _| 
PDrainCurrent Tt 
Forward Gate Current | igi) _| 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 


Storage Channel Temperature Range 





Refer to 2N5484 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic symbol | Min | Typ Max | Unit] 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(lg = 1.0 pAdc, Vps = O) 


Gate-Source 
(Vps = 15 Vdc, Ip = 200 pA) BF245(1), BF244(2) 
BF245A, BF244A 
BF245B, BF244B : : 
BF245C, BF244C ; 











Gate-Source Cutoff Voltage 
(Vps = 15 Vdc, Ip = 10 nA) 


Gate Reverse Current 
(VG@s = 20 Vdc, Vps = O) 


ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current 
(VpsS = 15 Vdc, VGs = O) BF245(1), BF244(2) 
BF245A, BF244A 
BF245B, BF244B 
BF245C, BF244C 








SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 Vdc, VGs = O, f = 1 KHz) 


Output Admittance lYos| umhos 
(Vps = 15 Vdc, Vgs = O, f = 1 KHz) 40 

Forward Transfer Admittance IY fs | 
(Vps = 15 Vdc, Vgs = O, f = 200 MHz) 5.6 


Reverse Transfer Admittance 


(Vps = 15 Vdc, VGs = O, f = 200 MHz) 
Input Capacitance 


(Vps = 20 Vdc, -VGs = 1 Vdc) 


Reverse Transfer Capacitance 
(Vps = 20 Vdc, -VGs = 1 Vdc, f = 1 MHz) 
Output Capacitance 
(Vps = 20 Vdc, -VGs = 1 Vdc, f = 1 MHz) 
Noise Figure 
(Vps = 15 Vdc, VEs = 0, RG = 1 KQ, f = 100 MHz) 
Cut-off Frequency(3) 
(Vps = 15 Vdc, VGsS = 0) 


(1) On orders against the BF245, any or all subgroups might be shipped. 
(2) On orders against the BF244, any or all subgroups might be shipped. 
(3) The frequency at which gfs is 0.7 of its value at 1 KHz. 
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BF246,A,B,C 
CASE 29-04, STYLE 22 
TO-92 (TO-226AA) ee 


BF247,A,B,C 


CASE 29-04, STYLE 5 cae 
TO-92 (TO-226AA) ee 


MAXIMUM RATINGS Ss, 


| Drain-Source Voltage 
Drain-Gate Voltage 
Gate-Source Voltage 


1 
2 


° JFETs 
SWITCHING 


N-CHANNEL — DEPLETION 


Forward Gate Current 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C . 





Refer to MPF4391 for graphs. 
ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


[symbol | Min | Typ | Max [unit 








Characteristic 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Ig = 1pHA, Vos = 0) 
Gate-Source 
(Vps = 15 V, Ip = 200 wA) 


Gate-Source Cutoff Voltage 
(Vps = 15 V, Ip = 10 nA) 


Gate Cutoff Current 
(VGS = 15 V, VpS = O) 


ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current 
(VDS = 15 V, VGs = 9) 


BF246, 

BF246A, 
BF246B, 
BF246C, 


BF246, 


BF246A, 


BF246B, 


BF247 

BF247A 
BF247B 
BF247C 





BF247 

BF247A 
BF247B 
BF247C 





—0.5 
— 1.5 
mS 
=F'3,/0 





V 
14.5 





SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vpsg = 15 V, Ip = 10 mA, f = 1 kHz) 


Reverse Transfer Capacitance 
(Vps = 15 V, Ip = 10 mA, f = 1 kHz) 


Input Capacitance 


(Vps = 15 V, Ip = 10 mA, f = 1 MHz) 


Output Capacitance 
(Vos = 15 V, ID = 10 mA, f = 1 MHz) 


Cutoff Frequency 
(Vos = 15 V, VGs = 0) 


BF246C, 
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BF256,B,C 


CASE 29-04, STYLE 23 
TO-92 (TO-226AA) 


INS 


MAXIMUM RATINGS 


Drain-Source Voltage 


Drain-Gate Voltage 2 Source 
Gate-Source Voltage 
|DrainCurrent Tt 


JFET 
VHF/UHF AMPLIFIERS 


N-CHANNEL — DEPLETION 


Forward Gate Current 


Total Device Dissipation @ TA = 25°C 
Derate above 25°C 





Refer to 2N5484 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta, = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Typ | Max | Unit _| 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS 30 Vdc 
(lg = 1.0 pAdc, Vps = 0) 
Gate-Source Voltage VGS(off) —7.5 Vdc 
(Vps = 15 Vde, ID = 200 pA) | 
Gate Reverse Current less. | 5 nAdc 
(VG@sS = 20 Vdc, Vps = 0) 
ON CHARACTERISTICS 


Zero-Gate Voltage Drain Current) 

(VpsS = 15 Vdc, VGs = 0) BF256(1) 
BF256B 
BF256C 















SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 

(Vps = 15 Vdc, VGs = O, f = 1 kHz) 
Reverse Transfer Capacitance 

(Vps = 20 Vdc, -VGs = 1Vdce, f = 1 MHz) 
Output Capacitance 

(VpsS = 20 Vdc, VGs = O, f = 1 MHz) 


Noise Figure 
(Vps = 10 Vdc, Rs = 47Q, f = 800 MHz) 


Cut-off Frequency (2) 
(Vps = 15 Vdc, VGs = O) 


Power Gain 
(Vps = 15 Vdc, Rs = 47 Q, f =800 MHz) 





(1) On orders against the BF256, any or all subgroups might be shipped. 
(2) The frequency at which gfs is 0.7 of its value at1 kHz. — 
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MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


Characteristic 


Total Device Dissipation FR-5 Board,* 
Ta = 25°C 
Derate above 25°C 1.8 mWw/°C 


Thermal Resistance Junction to Ambient 


Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 


Thermal Resistance Junction to Ambient 
Junction and Storage Temperature 


*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 





BFRSOLT1 
BFRS1ILT1 












ani 





CASE 318-07, STYLE 10 
SOT-23 (TO-236AB) 






2 Source 







a: 


o 







1 Drain 





JFET 
AMPLIFIERS 


DEVICE MARKING N-CHANNEL 
BFR30LT1 = M1; BFR31LT1 = M2 





Refer to 2N5457 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Gate Reverse Current IGss nAdc 
(VGs = 10 Vde, Vps = 0) 
vo = 8 ade Vos = no Brie 
VGS Vde 


(Ip = 0.5 nAdc, Vps = 10 Vdc) 
i - 








OFF CHARACTERISTICS 

























Gate Source Voltage 
(Ip = 1.0 mAdc, Vpsg = 10 Vdc) 





(Ip = 50 wAdc, Vps = 10 Vdc) 





ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 10 Vdc, Ves = 0) 





SMALL-SIGNAL CHARACTERISTICS 


Forward Transconductance 
(Ip = 1.0 mAdc, Vps = 10 Vdc, f = 1.0 kHz) 


(Ip = 200 wAdc, Vpg = 10 Vdc, f = 1.0 kHz) 


Output Admittance 
(Ip = 1.0 mAdc, Vps = 10 Vdc, f = 1.0 kHz) 


(Ip = 200 wAdc, Vpg = 10 Vdc) 


Input Capacitance 
(Ip = 1.0 mAdc, Vps = 10 Vde, f = 1.0 MHz) 
(ID = 200 wAdc, Vps = 10 Vde, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Ip = 1.0 mAdc, Vps = 10 Vde, f = 1.0 MHz) 
(Ip = 200 wAdc, Vps = 10 Vde, f = 1.0 MHz) 


Note: “LT1” must be used when ordering SOT-23 devices. 
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BS107,A* 
CASE 29-04, STYLE 30 
TO-92 (TO-226AA) 


1 Drain 











MAXIMUM RATINGS 





Drain Current 
Continuous(1) 
Pulsed(2) 


Total Device Dissipation @ Ta = 25°C mW 
Derate above 25°C 

Operating and Storage Junction 
Temperature Range 


(1) The Power Dissipation of the package may result in a lower continuous drain 
current. 
(2) Pulse Width < 300 us, Duty Cycle < 2.0%. 









3 Source 








TMOS 
SWITCHING 


N-CHANNEL — ENHANCEMENT 










*BS107A is a Motorola 
designated preferred device. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Typ | Max | Unit | 
OFF CHARACTERISTICS | 


Zero-Gate-Voltage Drain Current nAdc 
(Vps = 130 V, Veg = 0). 
Drain-Source Breakdown Voltage V(BR)DSX Vdc 
(VGs = 0, lp = 100 pA) 
Gate Reverse Current . Ioss nAdc 
(VGs = 15 Vdc, Vps = 0) 


Gate Threshold Voltage VGS(Th) Vdc 
(Ip = 1.0 mA, Vps = V&s) 


Static Drain-Source On Resistance BE Ohms 
Input Capacitance 


BS107 
(VGs = 2.6 V, Ip = 20 mA) 

(Vgs = 10 V, Ip = 200 mA) 

Ciss 

(Vps = 25 V, Ves = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
| (Vps = 25 V, Ves = 0, f = 1.0 MHz) 
Output Capacitance Coss 
(Vps = 25 V, Ves = 0, f = 1.0 MHz) . 


BS107A 
Forward Transconductance Ofs 
(Vps = 25 V, Ip = 250 mA) 





















ON CHARACTERISTICS* 




















SMALL-SIGNAL CHARACTERISTICS 









(VGs = 10 Vdc) 
(Ip = 100 mA) 
| SWITCHING CHARACTERISTICS | 7 
ee ae 
Turn-Off Time | | ons | 


(ID = 250 mA) 
*Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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FIGURE 2 — SWITCHING WAVEFORMS 


Output Vout 


Inverted 
FIGURE 4 — CAPACITANCE VARIATION 


To Sampling Scope 
50 2 Input 


BS107,A 
RESISTIVE SWITCHING 


FIGURE 1 — SWITCHING TEST CIRCUIT 
20 dB 


50 9 Attenuator 


+25 V 


FIGURE 3 — ON VOLTAGE versus TEMPERATURE 


— 
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(SLIOA) JOVLIOA 3DYUNOS-NIVHG ‘STA 





Vos, DRAIN-SOURCE VOLTAGE (VOLTS) 
FIGURE 6 — OUTPUT CHARACTERISTIC 


FIGURE 5 — TRANSFER CHARACTERISTIC 





ERED 
AU, 


oS S So oS Oo o S 
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Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES © 
4-31 


Vgs, GATE-SOURCE VOLTAGE (VOLTS) 


BS107,A 


FIGURE 7 — SATURATION CHARACTERISTIC 





ID{on). DRAIN CURRENT (AMPS) 


ets 
a eae 72 SS Se 
' 22 Se a a ee ee 
1.0 2.0 3.0 40 5.0 
Vps, ORAIN-SOURCE VOLTAGE (VOLTS) 
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BS170* 


CASE 29-04, STYLE 30 
TO-92 (TO-226AA) 


INS 1 Drain 


MAXIMUM RATINGS 








3' Source 


Gate-Source Voltage as 
Drain Current(1) | in| 


Total Device Dissipation @ Ta = 25°C 


Operating and Storage Junction Ty. Tstg —55 to +150 
Temperature Range 


(1) The Power Dissipation of the package may result in a lower continuous drain 
current. 


TMOS FET 
SWITCHING 


N-CHANNEL — ENHANCEMENT 





*This is a Motorola 
designated preferred device. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 








































Gate Reverse Current IGss 
(VGs = 15 V, Vps = 0) 
Drain-Source Breakdown Voltage V(BR)DSS 
(V6s = 0, Ip = 100 uA) 
Gate Threshold Voltage 
(Vps = VGs. |p = 1.0 mA) 
'DS(on) 1.8 5.0 Ohms 
(VGs = 10 V, Ip = 200 mA) 
Drain Cutoff Current ID(off) 
(Vps = 25 V, Ve6s = 0V) 
SMALL-SIGNAL CHARACTERISTICS 
Input Capacitance 
SWITCHING CHARACTERISTICS 
Turn-On Time 


OFF CHARACTERISTICS 

ON CHARACTERISTICS(2) 

Static Drain-Source On Resistance 

Forward Transconductance — mmhos 
(Vps = 10 V, Ip = 250 mA) 
(Vps = 10 V, Ves = 0, f = 1.0 MHz) 
(ID = 0.2 A) See Figure 1 


Turn-Off Time 
(ID = 0.2 A) See Figure 1 


(2) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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Pulse Generator 
erica Meda: | 





VgSith). THRESHOLD VOLTAGE 


Ip{on). ORAIN CURRENT (AMPS) 


FIGURE 1 — SWITCHING TEST CIRCUIT 


BS170 


RESISTIVE SWITCHING 


+ 25V 


40 pF 





FIGURE 3 — Vgsith) NORMALIZED versus TEMPERATURE 





Ty, JUNCTION TEMPERATURE 


FIGURE 5 — OUTPUT CHARACTERISTICS 





Vps, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 







(Vin Amplitude 10 Volts) 
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FIGURE 2 — SWITCHING WAVEFORMS 


To Sampling Scope 
50 2 Input 


Vout 


Output iy... 
inverted out 





10% 
Input Vin 


Width 


FIGURE 4 — ON-REGION CHARACTERISTICS 















FIGURE 6 — CAPACITANCE versus DRAIN-TO-SOURCE VOLTAGE 


100 





C. CAPACITANCE (pF: 


SS eee eee eee 
Rac eee eee 
Fae Pas a ee 


0 20230 40 50 60 
Vs, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
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BSS89 


CASE 29-04, STYLE 7 
TO-92 (TO-226AA) 


2 Drain 
Qy 


MAXIMUM RATINGS 











Drain-Source Voltage 


Gate-Source Voltage VGs Vde 


Drain Current — Continuous (1) 400 mAdc 
— Pulsed (2) 800 


1 Uf 


1 Source 





Total Power Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Ty, Tstg —55 to 150 =¢ 
Temperature Range 
Thermal Resistance Junction to Ambient 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) Refer to BS107 for graphs. 


Characteristic «Smo | inte |e 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage (Vgs = 0, Ip = 0.5 mA) V(BR)DSS | 20 «| 6 —) | OU de 

Zero Gate Voltage Drain Current Ipss pAdc 
(Vps = 200 V, Ves = 0) 

Gate-Body Leakage Current IGss 0.01 nAdc 
(VGs = 20 V, Vps = 0) 


ON CHARACTERISTICS* 


Gate Threshold Voltage (Ip = 1.0 mA, Vps = V&s) VGS(th) a aa ee ae Vde 


Drain-Source On-Voltage (VGs = 10 V) 
(iD = 100 mA) 
(Ip = 300 mA) 
(Ip = 500 mA) 


On-State Drain Current 
(Vps = 25 V, Vgs = 10 V) 


Static Drain-Source On-Resistance (VGs = 10 Vdc) 
(Ip = 150 mA) 
(Ip = 300 mA) 
(Ip = 500 mA) 


Forward Transconductance (Vps = 25 V, Ip = 300 mA) Ofs 
DYNAMIC CHARACTERISTICS 


Input Capacitance 
(Vps = 25 V, Ves = 0, f = 1.0 MHz) 


TMOS FET 
TRANSISTOR 
N-CHANNEL — ENHANCEMENT 















Reverse Transfer Capacitance 
(Vps = 25 V, Ves = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS* 


(1) The Power Dissipation of the package may result in a lower continuous drain current. 
(2) Pulse Width < 300 us, Duty Cycle < 2.0%. 





Output Capacitance 
(Vps = 25V, Ves = 0, f = 1.0 MHz) 
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BSS123LT1* 


oo CASE 318-07, STYLE 21 
MAXIMUM RATINGS | SOT-23 (TO-236AB) 
[Rating | Symbot | Value | Unit 
[Drain-Source Voltage | Vss_ | 100 |e 
Vde 


Drain Current Adc 
Continuous (1) 
Pulsed (2) 















Drain; 3 






1 







THERMAL CHARACTERISTICS Gate 


Characteristic | Max 


Total Device Dissipation FR-5 Board,* 225 mW 
1.8 mWw/°C 


Source 2 






TMOS FET 
TRANSISTOR 


TA = 25°C 
Derate above 25°C 





R@JA “CW 

N-CHANNEL 
*FR-5 = 1.0 x 0.75 x 0.062 in. This is a Motorola 
DEVICE MARKING designated preferred device. 





BSS123LT1 = 5A - Refer to 2N7000 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | typ | Max | Unit _| 
OFF CHARACTERISTICS 
Drain-Source Breakdown Voltage V(BR)DSS Vde 
(VGs = 0, Ip = 250 pA) 
Zero Gate Voltage Drain Current pAdc 
(VGs = 0, Vps = 100 V) Ty = 25°C 
Ty = 125°C 


Gate-Body Leakage Current . 
(VGs = 20 Vdc, Vps = 0) 


ON CHARACTERISTICS* 

Gate Threshold Voltage VGS\th) 
(Vps = VGs. Ip = 1.0 mA) 

Static Drain-Source On-Resistance 'DS(on) 
(VGs = 10 Vdc, Ip = 100 mA) 

Forward Transconductance Ofs 
(Vps = 25 V, Ip = 100 mA) 

DYNAMIC CHARACTERISTICS 


Input Capacitance oe, ; ae 











(Vps = 25 V, Veg = 0, f = 1.0 MHz) 


Output Capacitance 
(Vps = 25 V, Ves = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 25 V, Veg = 0, f = 1.0 MHz) 


SWITCHING CHARACTERISTICS* 


Turn-Off Delay Time Ves = 10 V, Res = 50 ©) 


Fae ee ee eee ee 
REVERSE DIODE | 


Diode Forward On-Voltage Vsp 1.3 V 
-(Ip = 0.34 A, Vgsg = 0V) 


(1) The Power Dissipation of the package may result in a lower continuous drain current. 
(2) Pulse Width < 300 ys, Duty Cycle < 2.0%. 
*Pulse Test: Pulse Width < 300 ws, Duty Cycle < 2.0%. 
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3109 
J110 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 


IN 2 Source 


MAXIMUM RATINGS 


Unit 


Drain-Gate Voltage Vd 


Cc 
Gate-Source Voltage 
Gate Current 


1 Drain 


JFET 
GENERAL-PURPOSE 
TRANSISTORS 


N-CHANNEL — DEPLETION 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Junction Temperature Range 
Storage Channel Temperature Range 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[Characteristic Symbol | Min | Typ | Max | Unit _| 4 


OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage ViBR)GSS —25 Vde 
(Vps = 0, Ig = —10 uwAdc) 
Gate Reverse Current IGss nAdc 
(VGs = —15 Vdc, Vps = 0) 
(VG@sg = —15 Vde, Vps = 0, Ta = 100°C) 
Gate Source Cutoff Voltage VGS(off) Vde 
(Vps = 15 Vdc, Ip = 10 nAdc) J109 
J110 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) IDSs 
(Vps = 15, Veg = 0) 


Drain-Source On-Resistance 'DS(on) 
(Vps < 0.1 V, Veg = 0 V) 


SMALL-SIGNAL CHARACTERISTICS 


Drain Gate + Source Gate On-Capacitance Cagion) 
(Vps = 0 Vde, Ves = 0, f = 1.0 MHz) + 











Drain Gate Off-Capacitance 
(Vps = 0 Vde, Vgg = —10V, f = 1.0 MHz) 


Source Gate Off-Capacitance 


(Vps = 0 Vde, Vgg = —10V, f = 1.0 MHz) 
(1) Pulse Duration 300 us, Duty Cycle =< 2.0%. 
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Cigg, INPUT CAPACITANCE (pF) 


DS(on) ORAIN-SOURCE ON-RESISTANCE (OHMS) 


Ip, DRAIN CURRENT (mA) 





J109, J110 


FIGURE 1— COMMON SOURCE INPUT 
CAPACITANCE versus GATE-SOURCE VOLTAGE 


—40 — 80 —12 — 16 
Vgs, GATE-SOURCE VOLTAGE (VOLTS) 


FIGURE 3 — ON-RESISTANCE versus GATE-SOURCE 
CUTOFF VOLTAGE 


VGSiott}, GATE-SOURCE CUTOFF VOLTAGE (VOLTS) 


FIGURE 5 — OUTPUT CHARACTERISTIC 
VGsioff) = —3.0V 





6.0 
Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 


8.0 14 16 18 





Crgg FEEDBACK CAPACITANCE (pF) 





Ip, DRAIN CURRENT (mA) 


0 — 4.0 


FIGURE 2 — COMMON SOURCE REVERSE FEEDBACK 
CAPACITANCE versus GATE-SOURCE VOLTAGE 
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FIGURE 4 — OUTPUT CHARACTERISTIC 
Vestoff) = —2.0V 
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FIGURE 6 — OUTPUT CHARACTERISTIC 
V@s(off] = —4.0V 
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Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 
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J109, J110 


FIGURE 7 — OUTPUT CHARACTERISTIC 
Ves(off) = —5.0V 





0 20 40 60 80 110 12 #14 «+116 18 820 
Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 





MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


4-39 





J111 thru J113 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 

Rating 
Drain-Gate Voltage 2 Source 
Gate-Source Voltage 


Gate Current 


JFET 


Total Device Dissipation @ Ta = 25°C CHOPPER TRANSISTORS 


Derate above 25°C 


N-CHANNEL — DEPLETION 





Refer to MPF4391 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | min | Mex [Unit 
OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage . V(BR)GSS 
(ig = —1.0 pA) 

Gate Reverse Current IGss 
(VGs = —15 V) 


Gate Source Cutoff Voltage VGS(off) 
(Vps = 5.0 V, Ip = 1.0 wA) 


Drain-Cutoff Current 
(Vps = 5.0 V, Ves = -—10 V) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* 
(Vps = 15 V) 





Static Drain-Source On Resistance FDS(on) 
(Vps = 0.1 V) 


Drain Gate and Source Gate On-Capacitance Cdg(on) 
(Vps = Ves = 0, f = 1.0 MHz) 


Drain Gate Off-Capacitance 
(VGs = —10V,f = 1.0 MHz) 


Source Gate Off-Capacitance 
(VGs = —10V,f = 1.0 MHz) 


*Pulse Width = 300 us, Duty Cycle = 3.0%. 
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3174 thru J177* 


CASE 29-04, STYLE 30 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 











Rating | Symbol | 3 Source 

Drain-Source Voltage | vos | 30 

Drain-Gate Voltage | Vpg | 30 JFET 

Gate-Source Voltage | Ves | 30 | CHOPPER TRANSISTORS 
| ig | 0 


P-CHANNEL — DEPLETION 


Gate Current 






Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Storage Temperature Range 


*These are Motorola 
designated preferred devices. 





—65 to +150 


Refer to MPF970 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol | Min | Mex | Unit _| =_" 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS 30 Vde 
(ig = 1.0 uA) 

Gate Reverse Current IGss 
(VGs = 20 Volts) 

Gate Source Cutoff Voltage VGS(off) 
(Vps = —15V, Ip = —10 nA) 





ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = —15V) 


Static Drain-Source On Resistance DS(on) 
(Vps < —0.1 Volt) 





*Pulse Width = 300 us, Duty Cycle < 3.0%. 





MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


4-41 


J202 
J203 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 7 


[Drain-Source Voltage =| Ss | | 
| Drain-Gate Voltage =| SV | |e 
Ves | 40 

IG 







2 Source 


JFETs 
LOW FREQUENCY/LOW NOISE 


N-CHANNEL — DEPLETION | 


|Gate-Source Voltage | GS 
|GateCurent | iG 
Total Device Dissipation @ Ta = 25°C Ce te | mw 
Derate above 25°C 2.82 mW/°C 
: 


ars Ti | Refer to 2N5457 for graphs. 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbot_| min | Max | Unit 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS Vdc 
(Ig = —1.0 pA) 7 | 

Gate Reverse Current _ — 100 pA 
(Vgs = —20 V) 

Gate Source Cutoff Voltage | VGSi(off) Vde 
(Vps = 20 V, Ip = 10 nA) 














ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 20 V) 





SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vpg = 20 V, f = 1.0 kHz) 





*Pulse Width < 2.0 ms. 
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j270 


CASE 29-04, STYLE 30 
TO-92 (TO-226AA) 


NY 1 Drain 


MAXIMUM RATINGS 


3 Source 


JFET 
CHOPPER TRANSISTOR 


P-CHANNEL — DEPLETION 


Gate Current 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 





Refer to MPF970 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol [win | Max [Unk 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS 30 Vdc 
(Ig = 1.0 pA) 

Gate Reverse Current Ioss pA 
(VGsS = 20 Volts) 

Gate Source Cutoff Voltage VGSloff) Vde 
(Vps = —15V, Ip = —1.0 nA) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current Ipss* — 2.0 mA 
(Vps = —15 V) 
SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = —15V,f = 1.0 kHz) 
Output Admittance 
(Vps = —15V,f = 1.0 kHz) 


Input Capacitance 
(Vps = —15V, f = 1.0 MHz) 








Reverse Transfer Capacitance 
(Vps = —15V, f = 1.0 MHz) 
*Pulse Width < 2.0 ms. 





emer eer nee ue GP WE FSA SESSA SS SR A SS 
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3300 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 


SS 


1 Drain 

MAXIMUM RATINGS 
|Drain-Gate Voltage | VG | 8 
|GateCurent | Tt 













2 Source. 


| Total Device Dissipation @ Ta = 25°C JFET 


HIGH FREQUENCY AMPLIFIER 


N-CHANNEL — DEPLETION 


Derate above 25°C . 


Lead Temperature 7 . | TL 
(1/16” from Case for 10 Seconds) 
Junction Temperature Range —65 to +150 
| Storage Temperature Range —65 to +150 





: Refer to 2N5484 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit _| 





OFF CHARACTERISTICS 












Gate-Source Breakdown Voltage 
(Ig = —1.0 A, Vps = 0) 


. | dc 
Gate Reverse Current pA 
(VGs = —15V, Vos = 0) 
Gate Source Cutoff Voltage | VGS(off) Vde 
(Vps = 10 V, Ip = 1.0 mA) — | 
ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 10 V, Vgs = 0) 











Gate-Source Forward Voltage 
(Vps = 0,!g = 1.0 mA) 


SMALL-SIGNAL CHARACTERISTICS 




















Forward Transfer Admittance ly¢s| 9000 umhos 
(Vps = 10 V, Ip = 5.0 mA, f = 1.0 kHz) 

Output Admittance - lYos| pmhos 
(Vps = 10 V, Ip = 5.0 mA, f = 1.0 kHz) 

Input Capacitance | Ciss 

1.0 MHz) 

Reverse Transfer Capacitance Crss 1.7 pF 

(Vps = 10 V, Ip = 5.0 mA, f = 1.0 MHz) 










(Vps = 10 V, Ip = 5.0 mA, f = 
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3304 
3305 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 


NS 1 Drain 


MAXIMUM RATINGS 











Drain-Gate Voltage 


Gate-Source Voltage | Veg | -30 Vde 


2 Source 
Gate Current . 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Lead Temperature 


(1/16" from Case for 10 Seconds) hk ie al 
Operating and Storage Junction Tj. Tstg | —65 to +150 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Pn havactoristic | Symbot | min | Mex [unit 4 


OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS Vdc 
(ig = 1.0 uA, Vps = 0) 

Gate Reverse Current pA | 
(Vgs = —20V, Vps = 0) 

Gate Source Cutoff Voltage VGS(off) Vdc 
(Vps = 15 V, Ip = 1.0 nA) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 15 V, Ves = 0) 


JFET 
HIGH FREQUENCY 
AMPLIFIERS 


N-CHANNEL — DEPLETION 





Refer to 2N5484 for graphs. 











SMALL-SIGNAL CHARACTERISTICS 


Output Admittance 
(Vps = 15 V, Ves = 0, f = 1.0 kHz) 


Forward Transconductance 
(Vps = 15 V, Ves = 0, f = 1.0 kHz) 
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3308 thru J310* 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 


NS 


1 Drain 


MAXIMUM RATINGS 


2 Source 


Gate-Source Voltage 
Forward Gate Current — IGF - 


JFET 
VHF/UHF AMPLIFIERS 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Junction Temperature Range Ty —65 to +125 
Storage Temperature Range —65 to +150 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbot | Min | typ | Max | Unit _| 


won [=~ [- [= 
al ETS 


N-CHANNEL — DEPLETION 


These are Motorola 
designated preferred devices. 





OFF CHARACTERISTICS 






Gate-Source Breakdown Voltage 
(Ig = —1.0 pA, Vps = 0) 
Gate Reverse Current 
(VGs = —15V,Vps 
(VGs = —15V,Vps 
Gate Source Cutoff Voltage 
(Vps = 10 V, Ip = 1.0 nA) 











0, Ta = 25°C) 
0,Ta = +125°C) 
























ON CHARACTERISTICS 


Zero-Gate-Volitage Drain Current(1) 
(Vps = 10 V, Vgsg = 0) 





Gate-Source Forward Voltage 
(Vps = 0, IG = 1.0 mA) 


SMALL-SIGNAL CHARACTERISTICS 


Common-Source Input Conductance 
(Vps = 10 V, Ip = 10 mA, f = 100 MHz) 


Common-Source Output Conductance Re(ygs) mmhos 
(Vps = 10 V, Ip = 10 mA, f = 100 MHz) 
Common-Gate Power Gain Gog 16 
(Vps = 10 V, Ip = 10 mA, f = 100 MHz) 
Common-Source Forward Transconductance Re(yfs) 12 mmhos 
(Vps = 10 V, Ip = 10 mA, f = 100 MHz) 
Common-Gate Input Conductance Re(yig) 12 mmhos 
(Vps = 10 V, Ip = 10 mA, f = 100 MHz) 
Ofs 


























Common-Source Forward Transconductance 
(Vps = 10 V, Ip = 10 mA, f = 1.0 kHz) 









Common-Source Output Conductance 
(Vps = 10 V, Ip = 10 mA, f = 1.0 kHz) 
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J308 thru J310 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
Characteristic 


Common-Gate Forward Transconductance 
(Vps = 10 V, lp = 10 mA, f = 1.0 kHz) 


Common-Gate Output Conductance 
(Vps = 10 V, lp = 10 mA, f = 1.0 kHz) 


Gate-Drain Capacitance 
(Vps = 0, Veg = —10V, f = 1.0 MHz) 


Gate-Source Capacitance 
(Vps = 0, VGg = —10V,f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Equivalent Short-Circuit Input Noise Voltage 
(Vps = 10 V, Ip = 10 mA, f = 100 Hz) 


(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 3.0%. 
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J308 thru J310 


FIGURE 1 — 450 MHz COMMON-GATE AMPLIFIER TEST CIRCUIT 


502 U310 


Source 





50 2 
© LOAD 


O 
VOD 

Ci =C2:=0.8 10 pF. JFD #MVMO1OW. 

C3 = C4 = 8 35 pF Erie ~539-002D. 

C5 = C6 = 5000 pF Erie (2443-000). 

C7 = 1000 pF. Allen Bradley #FASC. 


RFC = 0.33 wH Miller #9230-30. 

L1= One Turn #16 Cu, 1/4” 1.0. (Air Core). 

L2p= One Turn #16 Cu, 1/4" 1.D. (Air Core). 
L2sg = One Turn #16 Cu, 1/4" 1.D. (Air Core). 


FIGURE 2 — DRAIN CURRENT and TRANSFER FIGURE 3 — FORWARD TRANSCONDUCTANCE 
CHARACTERISTICS versus GATE-SOURCE VOLTAGE versus GATE-SOURCE VOLTAGE 

























































































ip, DRAIN CURRENT (mA) 





























Ings - SATURATION DRAIN CURRENT (mA) 
Y ts, FORWARD TRANSCONDUCTANCE (mmhos) 





-5.0 -4.0 “30 -2.0 1.0 0 
Ip - Vas, GATE-SOURCE VOLTAGE (VOLTS) Vs. GATE- SOURCE VOLTAGE (VOLTS) 
Ipss-Vgs, GATE-SOURCE CUTOFF VOLTAGE (VOLTS) 


FIGURE 4 — COMMON-SOURCE OUTPUT 


























Ros, ON RESISTANCE (OHMS) 




















ADMITTANCE and FORWARD TRANSCONDUCTANCE FIGURE 5 — ON RESISTANCE and JUNCTION CAPACITANCE 
versus DRAIN CURRENT versus GATE-SOURCE VOLTAGE 
q 100k aes asses esses: 10 120 
8 ee 5090 ee en en ceo osteo 
E 3 
ae oO 
Pa) € 96 
2 = 
S 10k : : 7.0 
fom} a 72 
2 < x 
« BS 40 48 
a 10k fee pa tt Saacaes —— 
cc Car ttt FA SAA ED ERED ESAS LR Ge >< 
= ptt aes Sa a Ce OO o° 
= p in eh A 90 a es H 2 — Sees ees 24 
oO aA = YT Tr S 
a 7 
S shual Hl 2 a ae ee 
me | ae Eel a i 0 0 
0.01 01 0203 05 10 203.0 50 10 20 30 50 100 10 90 - 80 7.0 6.0 50 40 30 2.0 1.0 0 
ip, DRAIN CURRENT (mA) VGS, GATE SOURCE VOLTAGE (VOLTS) 
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NF, NOISE FIGURE (dB) 


J308 thru J310 


FIGURE 6 —- COMMON-GATE Y PARAMETER 
MAGNITUDE versus FREQUENCY 
































8 
E 7) 
E £ 
= E 
a E 
S = 
= = 
> 
> 
20 
f, FREQUENCY (MHz) 
FIGURE 8 — COMMON-GATE Y PARAMETER 
PHASE-ANGLE versus FREQUENCY 
M2181 "12.122 
180° 59° g® = 878 
20° 
170° 499 40° 869 
-§99 
166° 390 808 =gge 
100° 
1508 290 1209 849 
140° 
140° 790 - 160° 830 
180° 
1399 go 200° 829 
100 200 300 500 700 1000 


f, FREQUENCY (MHz) 


FIGURE 10 — NOISE FIGURE and 
POWER GAIN versus DRAIN CURRENT 


BW ~ 10 MHz 
Circuit in Figure 1 











Gpg POWER GAIN (dB) 








0 
40 60 80 W 2 «2414 «24196 18 20 «22 ~°«24 
Ip, DRAIN CURRENT (mA) 


FIGURE 7 — COMMON-GATE S PARAMETER 
MAGNITUDE versus FREQUENCY 


Soql, (Sy 41 iSya1, 18221 
0.85 0.060 1.00 





0.79 0. ay 0.048 0.98 


















0.73 0.036 096 
0.67 0.024 0.94 
0.61 0.012 0.92 
O93 0.90 
100 200 300 500 700 1000 
f, FREQUENCY (MHz) 
FIGURE 9 — S PARAMETER PHASE-ANGLE 
versus FREQUENCY 
Hy 2 O12 
20° 12900 


40° 100° 





60° 








89° 








120° 
100 200 300 500 700 = 1000 


f, FREQUENCY (MHz) 


FIGURE 11 — NOISE FIGURE and 
POWER GAIN versus FREQUENCY 
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Gpg, POWER GAIN (dB) 








J308 thru J310 


FIGURE 12 — 450 MHz IMD EVALUATION AMPLIFIER 


Ol pes | U310 cé 





By (3dB) — 36.5 MHz 
Ip —- 10 mAdc 


1 L3 Vos — 20 Vde 
INPUT OUTPUT Device case grounded 
Rg = 502 R, = 502 


iM test tones — f1 = 449.5 MHz, f2 = 450.5 MHz 


C1 = 1-10 pf Johanson Air variable trimmer. 
C2, C5 = 100 pf feed thru button capacitor. 
C3, C4, C6 = 0.5-6 pf Johanson Air variable trimmer. . 


= 1/8" x 1/32"' x 1-5/8" copper bar 
L2, L4 = Ferroxcube Vk200 choke. 
L3 = 1/8’’ x 1/32" x 1-7/8" copper bar. 





— v7 
SHIELD D 


Amplifier power gain and IMD products are a function of the load impedance. For the amplifier design shown above with 
C4 and C6 adjusted to reflect a load to the drain resulting in a nominal power gain of 9 dB, the 3rd order intercept point 
(IP) value is 29 dBm. Adjusting C4, C6 to provide larger load values will result in higher gain, smaller bandwidth and lower 
IP values. For example, a nominal gain of 13 dB can be achieved with an intercept point of 19 dBm. 





_ FIGURE 13 — TWO TONE 3RD ORDER INTERCEPT POINT 


UZI0JFET Ee 3RD ORDER INTERCEPT POINT 
Vos = 20 Vdc 
sl OD cal 
F1 = 449.5 MHz 
easasosmes | 1 1 | | Lact LA 
é ran 
FUNDAMENTAL 4 A” 
Example of intercept point plot use: . , | 
Tree 3RD ORDER IMD ores 7 Assume two in-band signals of -20 dBm at the amplifier input. 


They will result in a 3rd order IMD signal at the output of -90 
dBm. Also, each signal level at the output will be -11 dBm, show- 
ing an amplifier gain of 9.0 dB and an intermodulation ratio (IMR) 
0 capability of 79 dB. The gain and IMR values apply only for signal 
~120 —100 ~80 60 -40 ~20 0 +20 tevels below compression. 


INPUT POWER PER TONE (dBm) 


OUTPUT POWER PER TONE (dBm) 
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-MMBF170LT1 


CASE 318-07, STYLE 21 
SOT-23 (TO-236AB) 


MAXIMUM RATINGS | 
i ee 
[Brain Source Vatage ——=SS*dtCpg 


Drain Current — Continuous 0.5 Adc 
Pulsed 0.8 


THERMAL CHARACTERISTICS 

















Total Device Dissipation FR-5 Board,* Source 


| Max | Unit 
Ta = 25°C 


mW 
Derate above 25°C mWwW/?C 


Thermal Resistance Junction to Ambient R@JA | 556 | ecw OC” 
Junction and Storage Temperature —55 to +150 


*FR-5 = 1.0 x 0.75 x 0.062 in. 






TMOS FET 
TRANSISTOR 





N-CHANNEL 
DEVICE MARKING Refer to 2N7000 for graphs. 
MMBF170LT1 = 62 











ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit | 


| Merpss | 6 | |Video 
Gate-Body Leakage Current, Forward (VGsF = 15 Vdc, Vps = 0) | igss | — | 10 | made | 
ON CHARACTERISTICS* : 
[Gate Threshold Voltage Wps= Ves p= 10ma——~=*~*~“~*~‘“‘~*~*~*”YC«U ey «PSCC 
| Static Drain-Source On-Resistance (V@g = 10VdeIp = 200ma) | tion) | — | 5.0 | Ohm _ 
ohisie Drain Conant Wns =aeWVes ol Sipe i oe ps 


DYNAMIC CHARACTERISTICS | 


Input Capacitance 








OFF CHARACTERISTICS 












Drain-Source Breakdown Voltage (VGs = 0, Ip = 100 uA) 



















(Vps = 10 V, Veg = OV, f = 1.0 MHz) 
SWITCHING CHARACTERISTICS* 






Turn-On Delay Time (Vpp = 25V, Ip = 500mA,Rgen = 500hms) | tdion) | — | 10 | 
Turn-Off Delay Time Figure 1 tao) | — | 10 | 


*Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 





SWITCHING WAVEFORM 
ton | 












TO SAMPLING 
SCOPE ‘d{on) ty 
PULSE : 50 Q INPUT OUTPUT 
-—- out INVERTED 
| 50 a | Vout 
| INPUT 
L_ _ Vj 





PULSE WIDTH 
(Vin AMPLITUDE 10 VOLTS) 


Figure 1. Switching Test Circuit 
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MAXIMUM RATINGS | 
[Rating —~*dCS mbt | Vale 


THERMAL CHARACTERISTICS 


: _ Characteristic | 


Total Device Dissipation FR-5 Board,* 
Ta = 25°C 
Derate above 25°C 


Thermal Resistance Junction to Ambient 






















| 80 

| Symbol | Max | 
225 

de 

| Raa | 558 


RoJA 
Ty, Tstg 


Junction and Storage Temperature 
*FR-5 = 1.0 x 0.75 x 0.062 in. 
DEVICE MARKING 
MMBF4391LT1 = 6J; MMBF4392LT1 = 6K; MMBF4393LT1= 6G 








ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic 


OFF CHARACTERISTICS 













‘Gate-Source Breakdown Voltage 
(ig = 1.0 pAdc, Vps = 0) 
Gate Reverse Current 

_. (V@g = 15 Vdc, Vps = 0, Ta = 25°C) 
(VGs = 15 Vdc, Vps = 0, Ta = 100°C) 
| Gate Source Cutoff Voltage | 
(Vps = 15 Vde, Ip = 10 nAdc) 









MMBF4391 
_MMBF4392 
MMBF4393 





ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 15 V, VGs = 0) MMBF4391 
| MMBF4392 


MMBF4393 


Drain Current 
(Vps = 15 Vde, VGs = 12 Vdc) 
(Vps = 15, VGg = 12 Vde, Ta = 100°C) 


Drain-Source On-Voltage 
(Ip = 12 mAdc, Vgs = 0) 
(Ip = 6.0 mAdc, Ves = 0) 
(Ip = 3.0 mAdc, Vgg = 0) 


Static Drain-Source On Resistance 
(Ip = 1.0 mAdc, Ves = 0) 


MMBF4391 
MMBF4392 
MMBF4393 


MMBF4391 
MMBF4392 
MMBF4393 


SMALL-SIGNAL CHARACTERISTICS 


‘Input Capacitance 
(Vps. = 15 Vde, Vag = 0, f = 


Reverse Transfer Capacitance 
(Vps = 0, Vg@s = 12 Vde, f = 1.0 MHz) 


Note: “LT1” must be used when ordering SOT-23 devices. 


-1.0 MHz) 








MMBF4391LT1 
thu 
MMBF4393LT1* 
CASE 318-07, STYLE 10 
SOT-23 (TO-236AB) 


2 Source: 


JFET 
SWITCHING TRANSISTORS 


N-CHANNEL 


*These are Motorola 
designated preferred devices. 


Refer to MPF4391 for graphs. 


| Symbot_| Min | Max | unit _| 
Lied Mall ail Nicdk 
nal PS 






nAdc 
pAdc 


VGS(off) Vde 


mitt 
wiki 


ie ek ee ee 
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MMBF4416LT1* 


CASE 318-07, STYLE 10 
SOT-23 (TO-236AB) 


MAXIMUM RATINGS 


Symbol Value 


Drain-Gate Voltage VDG Vdc 


Gate-Source Voltage Ves Vdc 


2 Source 





Gate Current 


THERMAL CHARACTERISTICS 


Symbol 
Total Device Dissipation FR-5 Board,* 225 mw 
Ta = 25°C 
Derate above 25°C 1.8 mW/°C 
Thermal Resistance Junction to Ambient RgJA ee ee ee 
Junction and Storage Temperature —55 to +150 


*FR-5 = 1.0 x 0.75 x 0.062 in. 













JFET 
VHF/UHF AMPLIFIER TRANSISTOR 


N-CHANNEL 





*This is a Motorola 
DEVICE MARKING designated preferred device. 


MMBF4416LT1 = 6A 











Refer to 2N5484 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Mex [| Unit__| 
OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage V(BR)GSS 30 Vde ' 
(Ig = 1.0 pAdc, Vps = 0) 


Gate Reverse Current IGss 
(VGs = 20 Vdc, Vps = 0) nAdc 
(VGs = 20 Vde, Vps = 0, Ta = 150°C) nAdc 
Gate Source Cutoff Voltage VGS(off) Vde 
(Ip = 1.0 nAde, Vps = 15 Vdc) 


Gate Source Voltage VGs ~1.0 ~—5.5 
(Ip = 0.5 mAdc, Vps = 15 Vdc) 
ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(VGs = 15 Vdc, Ves = 0) 


Gate-Source Forward Voltage 
(ig = 1.0 mAdc, Vps = 0) 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 

(Vps = 15 Vde, VGs = 0, f = 1.0 kHz) 
Output Admittance 

(Vps = 15 Vdc, Ves = 0, f = 1.0 kHz) 
Input Capacitance 

(Vps = 15 Vdc, Vgsg = 0, f = 1.0 MHz) 
Reverse Transfer Capacitance 

(Vps = 15 Vde, Ves = 0, f = 1.0 MHz) 
Output Capacitance 

(Vps = 15 Vdc, Vgs = 0, f = 1.0 MHz) 
FUNCTIONAL CHARACTERISTICS 
Noise Figure 


(Vps = 15 Vdc, Ip = 5.0 mAdc, Rg ~ 1000 ©, f = 100 MHz) 
(Vps = 15 Vdc, Ip = 5.0 mAdc, Rg ~ 1000 2, f = 400 MHz) 














Common Source Power Gain 


(Vps = 15 Vdc, Ip = 5.0 mAdc, f = 100 MHz) 
(Vps = 15 Vde, Ip = 5.0 mAdc, f = 400 MHz) 
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MMBF4856LT1* 


CASE 318-07, STYLE 10 — 
SOT-23 (TO-236AB) 


MAXIMUM RATINGS = 43 
|Rating | Symbol | value | 
[Drain-Gate Voltage | | 
[Reverse Gate-Source Voltage | Vasiny) | -25 
THERMAL CHARACTERISTICS 
[Max 
mW 
Derate above 25°C Le fae! 
Rea | 586 
Junction and Storage Temperature Ty, Tste | -55 to +150 | 5 Oe 


Total Device Dissipation FR-5 Board,* 
*FR-5 = 1.0 x 0.75 x 0.062 in. 














2 Source 






1 Drain 


JFET 
SWITCHING 


Ta = 25°C 







N-CHANNEL — DEPLETION 


xThis is a Motorola 
DEVICE MARKING . . designated preferred device.. 


MMBF4856LT1 = AAA 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic | Symbot | Min | Max | Unit | 





Refer to MPF4391 for graphs. | 





OFF CHARACTERISTICS 







Gate-Source Breakdown Voltage 


V(BR)GSS = V 
(Vps = 0, Ip = 1.0 wA) oo | 
Gate Reverse Current IGss nA 
(Vps = 0 V, Ves = 20 V) | 
Gate Source Cutoff Voltage VGS(OFF) V 
(Vps = 15, Ip = 0.5 nA) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(VGs = 0, Vps = 15 V) 








Drain Cutoff Current 
(Vps = 15 V, Ves = 10 V) 


Drain Source On Voltage 
(Vgs = 0, Ip = 20 mA) 


Drain Source On Resistance . Le 
(VgGs = 0, Ip = 0, f = 1.0 kHz) 
ft oMe Piao ar 

| ‘SWITCHING CHARACTERISTICS 
ean 
: | 








VGSi(on) = 9, VGS(off) = —10V 
Turn-Off Time 


(1) Pulse Test; Pulse Width < 300 us, Duty Cycle < 2%. 
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MMBF4860LT1* 


CASE 318-07, STYLE 10 
SOT-23 (TO-236AB) 


MAXIMUM RATINGS 


Drain-Source Voltage ie | 30 Vdc 


Reverse Gate-Source Voltage a a a 


THERMAL CHARACTERISTICS 


sd 


Total Device Dissipation FR-5 Board,* 


2 Source 








1 Drain 





TA = 25°C 
Derate above 25°C mW/°C 
Fea Resistance Jundion to Anion’ | Aaa [e56 | “ow JFET 
[Junction and Storage Temperature | Ty, Taig | —s6t0 +150; -c | | | SWITCHING TRANSISTOR 
*FR-5 = 1.0 x 0.75 x 0.062 in. N-CHANNEL 
DEVICE MARKING *This is a Motorola 





MMBF4860LT1 = 6F designated preferred device. 


Refer to MPF4391 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol | Min | Max | Unit _| 


OFF CHARACTERISTICS 




















Gate-Source Breakdown Voltage V(BR)GSS 30 Vdc | 
(Ig = 1.0 wAdc, Vps = 0) 

Gate Reverse Current IGss 
(VGs = 15 Vdc, Vps = 0) 0.5 nAdc 
(VGs = 15 Vde, Vps = 0, Ta = 150°C) 2. as as 

Gate Source Cutoff Voltage VGS(off) 
(Vps = 15 Vdc, Ip = 0.5 nAdc) 

ON CHARACTERISTICS 

Zero-Gate-Voltage Drain Current(1) Ipss mAdc 
(Vps = 15 Vdc, Vgs = 0) 

Drain Cutoff Current ID(off) 
(Vps = 15 Vdc, Vgs = 10 Vdc) 0.25 nAdc 
(Vps = 15 Vdc, VGsg = 10 Vde, Ta = 150°C) 0. <a a 
Drain-Source On-Voltage VDS(on) 

(Ip = 10 mAdc, Vgs = 0) 








Static Drain-Source On Resistance 
(V6s = 0, Ip = 0, f = 1.0 kHz) 


Input Capacitance 
(Vps = 0, V6sg = 10 Vde, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 0, Ves = 10 Vde, f = 1.0 MHz) 
SWITCHING CHARACTERISTICS 


Delay Time 
(Vpp = 10 Vde, Ip(on) = 20 mAdc) 
(VG(on) = 9, VGS(off) = 10 Vdc) 


Rise Time 





(Vpp = 10 Vdc, Ip(on) = 10 mAdc) 
(VGS(on) = 9. VGS(off) = 6.0 Vdc) (Figure 1) 


Turn-Off Time 
(Vpp = 10 Vdc, Ip(on) = 5-0 mAdc) 
(VGSion) = 0, VGS(off) = 4.0 Vdc) (Figure 1) 


(1) Pulse Test: Pulse Width = 100 ms, Duty Cycle < 10%. 
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MMBF4860LT1 


FIGURE 1 — SWITCHING TIMES TEST CIRCUIT 


tr < 1.0 ns te< 1.0 ns 










VGS(on) 






INPUT 


OUTPUT GS (off) 


INPUT 


10% 
OUTPUT 


TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: 1. The input waveforms are supplied by a generator with the following characteristics: 
Zout = 50 ohms, Duty Cycle ~ 2.0% 
2. Waveforms are monitored on an oscilloscope with the following characteristics: 
tr < 0.75 ns, Rin = 1.0 megohm, Cin < 2.5 pF. 
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MMBF5457LT1* 


MAXIMUM RATINGS 


Drain-Source Voltage | Vps | 25 
ange | pe | 5 | 
Reverse Gate-Source Votage +t Ves | 25 
Paatecurent SCE St 






CASE 318-07, STYLE 10 
SOT-23 (TO-236AB) 














2 Source 


THERMAL CHARACTERISTICS 






Symtot [Moe 


ee a 


R@JA 


Junction and Storage Temperature -—55 to +150 


*FR-5 = 1.0 x 0.75 x 0.062 in. N-CHANNEL 


*This is a Motorola 
taht el de designated preferred device. 
MMBF5457LT1 = 6D 


Characteristic | 
1 Drain 








Total Device Dissipation FR-5 Board,* 
TA = 25°C 

Derate above 25°C 
Thermal Resistance Junction to Ambient 


JFET 
GENERAL PURPOSE TRANSISTOR 















Refer to 2N5457 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Typ | Max | Unit | =o 
OFF CHARACTERISTICS : 
Gate-Source Breakdown Voltage ViBR)GSS 
(Ig = 10 pAdc, Vps = 0) 


Gate Reverse Current I6ss smal 
(VGs = 15 Vdc, Vps = 0) 
(VGs = 15 Vdc, Vps = 0, Ta = 100°C) 

Gate Source Cutoff Voltage VGS\(off) 
(Vps = 15 Vdc, Ip = 10 nAdc) 








Gate Source Voltage 
(Vps = 15 Vdc, Ip = 100 wAdc) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) mAdc 
(Vps = 15 Vdc, Ves = 0) 
SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance(1) 
(Vps = 15 Vdc, V6sg = 0, f = 1.0 kHz) 


Reverse Transfer Admittance 
(Vps = 15 Vde, Ves = 0, f = 1.0 kHz) 





input Capacitance 
(Vps = 15 Vdc, V6s = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 Vde, Vgs = 0, f = 1.0 MHz) 


{1) Pulse test: Pulse Width < 630 ms; Duty Cycle < 10%. 
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MMBF5459LT1* 


MAXIMUM RATINGS 
Symbol | Value | Unit 
[Brain Gate Volage ———SSS*dSCM ag Vo 
Reverse Gate-Source Voltage Vestr) = 25 | Vde 
r 
225 
1.8 


Cc 
Cc 
THERMAL CHARACTERISTICS 
[Characteristic ———=«| ‘Symbol | Max 
Total Device Dissipation FR-5 Board,* 20-5 mW 
Ta = 25°C 
Derate above 25°C mWw/°C 
| Thermal Resistance Junction to Ambient | Rea | 556 |—SC/W salle 
TRANSISTOR 
*FR-5 = 1.0 x 0.75 x 0.062 in. N-CHANNEL 


DEVICE MARKING *This is a Motorola 
MMBF5459LT1 = 6L designated preferred device. 












CASE 318-07, STYLE 10 
SOT-23 (TO-236AB) 


2 Source 





1 


&: 
2 7 


1 Drain 











Refer to 2N5457 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


| Characteristic | Symbot_ | Min | Max | Unit _| 


OFF CHARACTERISTICS . 
| Gate-Source Breakdown Voltage _ V(BR)GSS Vde 
(ig = —10 nA, Vps = 0) 
Gate 1 Leakage Current IG1ss 1.0 nA — 
(VGs = -—15V, Vps = 0) | 


(Veg = —15V, Vpsg = 0, Ta = 100°C) 


Gate Source Cutoff Voltage | VGS(off) Vde 
(Vps = 15 V, Ip = 10 nA) 


ON CHARACTERISTICS 






























Zero-Gate-Voltage Drain Current IpDss mA 
(Vps = 15 V, VGs = 0) 


SMALL-SIGNAL CHARACTERISTICS 












Forward Transfer Admittance . lYfs| 6000 pmhos 
| (Vps = 18 V, Vgs = 0, f = 1.0 kHz) 
Output Admittance lYos| pmhos 
(Vps = 15 V, Vgs = 0, f = 1.0 kHz) 










(Vps = 15 V, Vgsg = 0, f = 1.0 MHz) : 


Reverse Transfer Capacitance Crss 
(Vps = 15 V, Ves = 0, f = 1.0 MHz) 
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MMBF5460LT1* 


_MAXIMUM RA 
M RATINGS CASE 318-07, STYLE 10 


SOT-23 (TO-236AB) 














2 Source 


1 Drain 






Reverse Gate-Source Voltage VGSR 
Forward Gate Current 
Total Device Dissipation FR-5 Board,* 
Ta = 25°C 
Junction and Storage Temperature —55 to +150 TRANSISTOR 
*FR-5 = 1.0 x 0.75 x 0.062 in. P-CHANNEL 


a a 
THERMAL CHARACTERISTICS 
| Characteristic | Symbol | Max 
225 mW 
Derate above 25°C 1.8 mWw/°C JFET 
[Thermal Resistance Junstion to Ambient | Raja | 856__| “CW _ GENERAL PURPOSE 
DEVICE MARKING *This is a Motorola 
MMBF5460LT1 = 6E designated preferred device. 











Refer to 2N5460 for graphs. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Gate-Source Breakdown Voltage V(BR)GSS Vde 
(Ig = 10 pAdc, Vps = 0) 
Gate Reverse Current 
(VGs = 20 Vdc, Vps = 0) nAdc 
(VGs = 20 Vdc, Vps = 0, Ta = 100°C) pAdc 
Gate Source Cutoff Voltage VGS(off) 0.75 Vde 
(Vps = 15 Vdc, Ip = 1.0 Adc) 
Gate Source Voltage VGsS Vde 
(Vps = 15 Vdc, Ip = 0.1 mAdc) 


ON CHARACTERISTICS 








OFF CHARACTERISTICS 
























Zero-Gate-Voltage Drain Current Ipss mAdc 
(Vps = 15 Vdc, Vgs = 0) 


SMALL-SIGNAL CHARACTERISTICS 






Forward Transfer Admittance lY¢s| 4000 pmhos 
(Vps = 15 Vdc, Ves = 0, f = 1.0 kHz) 
Output Admittance lYos! 75 pmhos 
(Vps = 15 Vde, Vgs = 0, f = 1.0 kHz) 
Input Capacitance Ciss 7.0 pF 
(Vps = 15 Vdc, Vgs = 0, f = 1.0 MHz) 
Reverse Transfer Capacitance Crss 1.0 pF 
(Vps = 15 Vdc, VgGsg = 0, f = 1.0 MHz) 
Equivalent Short-Circuit Input Noise Voltage eat Oe a ee nV/V Hz 











(Vps = 15 Vde, VGsg = 0, Rg = 1.0 MQ, 
f = 100 Hz, BW = 1.0 Hz) 
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MAXIMUM RATINGS 
Rating 





MMBF5484LT1* 


CASE 318-07, STYLE 10 _ 
SOT-23 (TO-236AB) 


Continuous Device Dissipation at or Below 
Tc = 25°C 


Linear Derating Factor 


2 Source 


Total Device Dissipation FR-5 Board,* 
TA = 25°C 
Derate above 25°C 


1 Drain 


JFET 
TRANSISTOR 


*FR-5 = 1.0 x 0.75 x 0.062 in. N-CHANNEL 


DEVICE MARKING This is a Motorola 
MMBF5484LT1 = 6B designated preferred device. 











an Refer to 2N5484 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) | 


| Characteristic | Symbot_| Min | Max [Unit _| 








OFF CHARACTERISTICS 











Gate-Source Breakdown Voltage | V(BR)GSS —25 Vdc 
(lg = —1.0 nA, Vps = 0) 


Gate Reverse Current less 
(VGs = —20V, Vps = 0) . 
~(Vgsg = —20V, Vps = 0, Ta = 100°C) 


; BA 

Gate Source Cutoff Voltage VGS(off) —3.0 Vdc 
(Vps = 15 V, Ip = 10 nA) 
ON CHARACTERISTICS 
Zero-Gate-Voltage Drain Current IpDss mAdc 
~ (Vps = 15 V, Ves = 0) 
SMALL-SIGNAL CHARACTERISTICS 
Forward Transfer Admittance lY¢s| 6000 puMhos 
~ (Vps = 15 V, Ves = 0, f = 1.0 kHz) | | 

Hit eed 


Output Admittance lYos| 
(Vps = 15 V, VGs = 0, f = 1.0 kHz) 
| Input Capacitance Ciss pF 
(Vps = 15 V, Ves = 0, f = 1.0 MHz) 
= 
ant ae ae 






































Reverse Transfer Capacitance Crss 
(Vps = 18 V, Vgs = 0, f = 1.0 MHz) 


Output Capacitance Coss 
(Vps = 18 V, Ves = 0, f = 1.0 MHz) 
FUNCTIONAL CHARACTERISTICS 
Noise Figure 

(Vps = 15 V, Ip = 1.0 mA, YG’ = 1.0 mmhos) 

(Rg = 1.0 kQ, f = 100 MHz) 

(Vps = 15 V, Vgs = 0, YG’ = 1.0 ~mho) 


(Rg = 1.0 MQ, f = 1.0 kHz) 


Common Source Power Gain 
(Vps = 15 Vdc, Ip = 1.0 mAdc, f = 100 MHz) 
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MMBF5486LT1* 


MAXIMUM RATINGS 
eS 
Ta = 25°C 


Symbol | 
PD 
Derate above 25°C 


Thermal Resistance Junction to Ambient °C/W meee 
Junction and Storage Temperature ~55 to + 150 


*FR-5 = 1.0 x 0.75 x 0.062 in. N-CHANNEL 


DEVICE MARKING *This is a Motorola 
MMBF5486LT1 = 6H designated preferred device. 






CASE 318-07, STYLE 10 
SOT-23 (TO-236AB) 









2 Source 





THERMAL CHARACTERISTICS 










Characteristic 











Total Device Dissipation FR-5 Board,* 






_1 Drain 

















Refer to 2N5484 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol] Min | Max | unit _ | 


Gate-Source Breakdown Voltage ViBR)GSS Vde 
(Vps = 0,IG = —1.0 pA) 

Gate 1 Leakage Current IG1iss  =1.0 nA 
(VGs = —20V, Vps = 0) 

Gate 2 Leakage Current IG2Sss —0.2 pA 
(VGs = —20V, Vps = 0, Ta = 100°C) 

Gate Source Cutoff Voltage VGS(off) Vdc 
(Vps = 15 V, Ip = 10 nA) 


ON CHARACTERISTICS 





OFF CHARACTERISTICS 












Zero-Gate-Voltage Drain Current Ipss 20 | _ mA 
(VGs = 0, Vps = 15 V) 


SMALL-SIGNAL CHARACTERISTICS 











Forward Transfer Admittance lyfs| 4000 8000 pmhos 
(V6s = 0, Vps = 15 V, f = 1.0 kHz) . 

Input Admittance Re(yjs) pumhos 
(V6s = 0, Vps = 15 V, f = 400 MHz) 

Output Admittance lYos| 75 pemhos 
(VGs = 0, Vps = 15 V, f = 1.0 kHz) 

Output Conductance Re(Ygs) pumMhos 
. (V6s = 0, Vps = 15 V, f = 400 MHz) 

Forward Transconductance Re(yfs) - amhos 
(VGs = 0, Vps = 15 V, f = 400 MHz) 

Input Capacitance Ciss 5.0 - pF 
(V6s = 0, Vps = 15 V, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss pF 
(VGs = 0, Vps = 15 V, f = 1.0 MHz) 

Si ae Bee ee 

























Output Capacitance 
(Vgs = 0, Vps = 15 V, f = 1.0 MHz) 
FUNCTIONAL CHARACTERISTICS 
Noise Figure 
(Vps = 15 V, Ip = 4.0 mA, f = 100 MHz, Yq = 1.0 wmhos) 
(Vps = 15V, Ip = 4.0 mA, Rg = 1.0 kO, f = 400 MHz, Yg = 1.0 wmhos) 
(V6s = 0, Vps = 15 V, Rg = 1.0 mO, f = 1.0 kHz, YG = 1.0 wmhos) 





Common Source Power Gain 
(Vps = 15 V, Ip = 4.0 mA, f = 100 MHz) 
(Vps = 15 V, Ip = 4.0 mA, f = 400 MHz) 
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MMBFJ175LT1* 


CASE 318-07, STYLE 10 
SOT-23 (TO-236AB) 


MAXIMUM RATINGS 
Rating 


2 Source ; 


| brain 
Total Device Dissipation FR-5 Board,* 


TA = 25°C 
erate above 25°C 


Thermal Resistance Junction to Ambient 


Junction and Storage Temperature 
*FR-5 = 1.0 x 0.75 x 0.062 in. 


JFET 
CHOPPER 


P-CHANNEL — DEPLETION 





*This is a Motorola 
DEVICE MARKING ae designated preferred device. 








MMBFJ175LT1 = 6W 
ELECTRICAL CHARACTERISTICS (Ta = 25°C, unless otherwise noted) © 


Characteristic | Symbol | Min | Max | Unit__ | 
OFF CHARACTERISTICS | | 


Gate-Source Breakdown Voltage V(BR)GSS V 
(Vps = 0, Ip = 1.0 nA) 

Gate Reverse Current : nA 
(Vps = 0V, Veg = 20 V) | | 

Gate Source Cutoff Voltage : | VGS(OFF) V 
(Vps = 15, ID = 10 nA) 

ON CHARACTERISTICS ie 


Zero-Gate-Voltage Drain Current(1) 
(Vg6s = 0, Vps = 15 V) 


Drain Cutoff Current 
(Vps = 15 V, Vgsg = 10 V) 













Drain Source On Resistance 


(Ip = 500 nA) | 


Input Capacitance Vps = 0, Veg = 10 V 


Reverse Transfer Capacitance — f = 1.0 MHz 
(1) Pulse Test; Pulse Width < 300 ys, Duty Cycle < 2%. 
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MMBFJ177LT1* 


CASE 318-07, STYLE 10 
SOT-23 (TO-236AB) 


MAXIMUM RATINGS 


Rating 


Drain-Gate Voltage 


2 Source 











Reverse Gate-Source Voltage VGSir) 
THERMAL CHARACTERISTICS 


Total Device Dissipation FR-5 Board,* 
Ta = 25°C 
Derate above 25°C 


Thermal Resistance Junction to Ambient R@JA | 556 | oc 
Junction and Storage Temperature Ty, Tstg -55 to + 150 
*This is a Motorola 


*FR-5 = 1.0 x 0.75 x 0.062 in. 
DEVICE MARKING designated preferred device. 
MMBFJ175LT1 = 6W 


ELECTRICAL CHARACTERISTICS (Ta = 25°C, unless otherwise noted) 
Characteristic 


1 Drain 





JFET 
CHOPPER 






P-CHANNEL — DEPLETION 














OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(Vps = 0, Ip = 1.0 wA) 


Gate Reverse Current 
(Vps = OV, Veg = 20 V) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(VGs = 9, Vps = 15 V) 


Drain Cutoff Current 
(Vps = 15 V, Ves = 10 V) 


Drain Source On Resistance 
(Ip = 500 nA) 


Input Capacitance Vps = 0, Ves = 10 V 


Reverse Transfer Capacitance = 1.0 MHz 
(1) Pulse Test; Pulse Width < 300 ys, Duty Cycle < 2%. 
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MAXIMUM RATINGS 






paceman es 
Gate Source Votugs Sd gs 
ee 


THERMAL CHARACTERISTICS 
Characteristic 


Total Device Dissipation FR-5 Board,* 
TA = 25°C 






Derate above 25°C © 


‘1 Thermal Resistance Junction to Ambient 


Junction and Storage Temperature 
*FR-5 = 1.0 x 0.75 x 0.062 in. 


DEVICE MARKING 
MMBFJ309LT1 = 6U; MMBFJ310LT1 = 6T 








ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
| a Characteristic 





OFF CHARACTERISTICS 






Gate-Source Breakdown Voltage | 
(lg = —1.0 pAdc, Vps = 0) 
Gate Reverse Current 

(V6s = -15V) 
(Vgg = —15V, Ta = 125°C) 
Gate Source Cutoff Voltage 
(Vps = 10 Vdc, Ip = 1.0 nAdc) 
ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current 
(Vps = 10 Vde, Ves = 0) 














MMBFJ309 
MMBFJ310 





MMBFJ309LT1* 
MMBFJ310LT1* 


CASE 318-07, STYLE 10 
SOT-23 (TO-236AB) 


2 Source . 


1 Drain 


JFET 
VHF/UHF AMPLIFIER 
TRANSISTOR 


N-CHANNEL 


*These are Motorola 
designated preferred devices. 





Refer to J309 for graphs. 


[| Symbot [min [tye [Mex [Unit 


lc all Ml al 


IGSs 
nAdc 
— 
MMBFJ309 ~ VGSioft) 
MMBFJ310 





Gate-Source Forward Voltage 
(ig = 1.0 mAdc, Vps = 0) . 


SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 10 Vde, lp = 10 mAdc, f = 1. 0 kHz) 


Output Admittance 
(Vps = 10 Vdc, Ip = 10 mAdc, f = 1.0 kHz) 


Input Capacitance 


(VGs = —10 Vdc, Vps = 0 Vdc, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(VGs = —10 Vdc, Vps = 0 Vdc, f = 1.0 MHz) 


Equivalent Short-Circuit Input Noise Voltage 
(Vps = 10 Vdc, Ip = 10 mAdc, f = 100 Hz) 


Note: “’LT1” must be used when ordering SOT-23 devices. 
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MMBFU310LT1* 


CASE 318-07, STYLE 10 
SOT-23 (TO-236AB) 


MAXIMUM RATINGS 


2 Source 


Total Device Dissipation FR-5 Board,* 1 Drain 


Ta = 25°C 
Derate above 25°C 


JFET 
TRANSISTOR 


N-CHANNEL 





*FR-5 = 1.0 x 0.75 x 0.062 in. 


DEVICE MARKING 
MMBFU310LT1 = 6C 


*This is a Motorola 
designated preferred device. 











Refer to J310 for graphs. 
ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit _ | 


Gate-Source Breakdown Voltage ViBR)GSS ~25 Vdc 
(ig = —1.0 pA, Vps = 0) 
Gate 1 Leakage Current IGiss — 150 pA 
(VGs = —15V, Vps = 0) 
Gate 2 Leakage Current ig2ss nA 
(VGs = —15V, Vps = 0, Ta = 125°C) 
Gate Source Cutoff Voltage VGS(off) Vde 
(Vps = 10 V, Ip = 1.0 nA) 
ON CHARACTERISTICS 
Zero-Gate-Voltage Drain Current 


(Vps = 10 V, Ves = 0) 


Gate-Source Forward Voltage 
(Ig = 10 mA, Vps = 0) 


SMALL-SIGNAL CHARACTERISTICS 
Forward Transfer Admittance lY¢s| 10 18 mmhos 
(Vps = 10 V, Ip = 10 mA, f = 1.0 kHz) 

Output Admittance lYos| 250 pmhos 
(Vps = 10 V, Ip = 10 mA, f = 1.0 kHz) 

Input Capacitance Ciss pF 
(VGs = —10V, Vps = 10 V, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 2.5 
(Vgs = —10V, Vps = 10 V, f = 1.0 MHz) 





OFF CHARACTERISTICS 
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MMFT107T1* 


MAXIMUM RATINGS (Tc = 25°C Unless Otherwise Noted) 


















| Rating | Symbol | Value | Unit CASE 318E-04, STYLE 3 
Drain-to-Source Voltage Vpss SOT-223 (TO-261AA) 
Drain-to-Gate Voltage | Vo | 200 | Volts _| a - 
Gate-to-Source Voltage — Continuous axon 
Drain Current — Continuous 250 mAdc | 

— Pulsed 500 

Total Power Dissipation @ Ta = 25°C 08 — Watts 

Derate above 25°C - 6.4 mWw/Cc 
Operating and Storage Temperature Ty, Tstg °C 

Range ice. 3 SOURCE 
DEVICE MARKING | 
FT107 ; 3 TMOS FET 
THERMAL CHARACTERISTICS | TRANSISTOR 


Thermal Resistance — Junction to 
Ambient 


N-CHANNEL — ENHANCEMENT 


Maximum Temperature for Soldering 
Purposes 
Maximum Time in Solder Bath | 


*This is a Motorola 
designated preferred device. 

















ELECTRICAL CHARACTERISTICS (T, = 25°C Unless Otherwise Noted) 


OFF CHARACTERISTICS 
Drain-to-Source Breakdown Voltage V(BR)DSS Cae Mee oe ae 
Zero Gate Voltage Drain Current IpDss nAdc 

(Vps = 130 V, Vag = 0) 





















(Vas = 0, Ip = 10 WA) 








Gate-Body Leakage Current — Reverse lass nAdc 
(Vgs = 15 Vde, Vps = 0) 

ON CHARACTERISTICS* 

Gate Threshold Voltage V@Si(th) 1.0 Vde 
(Vps = Vas: Ip = 1.0 mAdc) 

Static Drain-to-Source On-Resistance DS(on) Ohms 


(Vs = 10 Vdc, Ip = 200 mA) 


Drain-to-Source On-Voltage VDS(on) 
(Vqas = 10 V, ID = 200 mA) | 


Vdc 


DYNAMIC CHARACTERISTICS 


Input Capacitance 





ne) 
nh 


. (Vps = 25 V, Ves = 0, 
f = 1.0 MHz) 


Ciss | = 
Coss | 


Css | 


SWITCHING CHARACTERISTICS : 


Turn-On Time (See Figure 1) 
Turn-Off Time (See Figure 1) 


Pulse Test: Pulse Width < 300 is, Duty Cycle < 2.0%. 


Output Capacitance 





Transfer Capacitance 





10 
3.0 
14 
2.8 
15 
15 





toff 
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MMFT107T1 


RESISTIVE SWITCHING 


Figure 1. Switching Test Circuit Figure 2. Switching Waveforms 


+25 V 






To Sampling Scope 
23 50 Q Input 






Pulse Generator Vin 


Inverted 





Input Vin 10% 
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MAXIMUM RATINGS (Tc = 25°C Unless Otherwise Noted) MMFT6661T1* 


CASE 318E-04, STYLE 3 
SOT-223 (TO-261AA) 


Drain-to-Source Voltage 
Drain-to-Gate Voltage } Ge 1g Oe 
Gate-to-Source Voltage — Continuous 


. . 2,4 DRAIN 
Drain Current — Continuous 


~~ Pulsed | 


Total Power Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Temperature 











Range 3 SOURCE 
DEVICE MARKING 
T6661 | | TMOS FET 
THERMAL CHARACTERISTIC | TRANSISTOR 








N-CHANNEL — ENHANCEMENT 


Thermal Resistance — Junction to RaJA °C/W 
Ambient 
Maximum Temperature for Soldering TL °C 
Purposes Sec 
Maximum Time in Solder Bath 
ELECTRICAL CHARACTERISTICS (Tj, = 25°C Unless Otherwise Noted) 


OFF CHARACTERISTICS . 
Drain-to-Source Breakdown Voltage ae ee ee — 
(Vas = 0, Ip = 10 HA) 
Param 
(Vps = 90 V, Vag = 0) 
Gate-Body Leakage Current 00 nAdc 
(Vas = 15 Vde, Vps = 0) 
0 





*This is a Motorola 
designated preferred device. 


































ON CHARACTERISTICS* 


Gate Threshold Voltage VGS(th) 
(Vps = Vas; |p = 1.0 mAdc) 


Static Drain-to-Source On-Resistance 'DS(on) 
(Vqs = 10 Vdc, Ip = 1.0 Adc) 
Drain-to-Source On-Voltage VDS(on) 
(Vqas = 5.0 V, Ip = 0.3 A) 
On-State Drain Current ae | 
Forward Transconductance OFS 
(Vps = 25 V, Ip = 0.5 A) 
DYNAMIC CHARACTERISTICS | 










Vdc 


a 
4.0 Ohms 


















Vdc 


= $f 
ao 





Amps 


(Vas = 10 V, Ip = 1.0 A) 
ID(on) 
(Vps = 25 V, Vqas = 10 Vdc) 





mmhos 





(Vps = 25 V, Vas = 0, 


Input Capacitance 


ne] 
Tn 


1.2 
10 | 2.0 
170 
30 
Output Capacitance 
3.6 





Transfer Capacitance 
SWITCHING CHARACTERISTICS (See Figure 1) 


F. 
Fall Time Rgen = 50 Ohms) 
See Figures 1 and 2 
oe es 
Turn-Off Time a a as 


Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 





ata} a 
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MMF T6661T1 


RESISTIVE SWITCHING 


Figure 1. Switching Test Circuit Figure 2. Switching Waveforms 


+25 V 






To Sampling Scope 
50 Q Input 


Vout 






Pulse Generator Vin 


Inverted 
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MAXIMUM RATINGS (Tc = 25°C Unless Otherwise Noted) MMFT960T1* 


CASE 318E-04, STYLE 3 
SOT-223 (TO-261AA) 


Gate-to-Source Voltage — Continuous 


. , 2,4 DRAIN 
Drain Current — Continuous 


— Pulsed 
Total Power Dissipation @ Ta = 25°C 
Derate above 25°C : 





3 SOURCE 








DEVICE MARKING | 
FT960 TMOS FET 
THERMAL CHARACTERISTICS TRANSISTOR 


Thermal Resistance — Junction to 


Ambient N-CHANNEL — ENHANCEMENT 


Maximum Temperature for Soldering 
Purposes 
Maximum Time in Solder Bath 


*This is a Motorola 
designated preferred device. 















ELECTRICAL CHARACTERISTICS (Ta, = 25°C Unless Otherwise Noted) 


OFF CHARACTERISTICS 


Drain-to-Source Breakdown Voltage V(BR)DSS Vde 
(Vas = 9, Ip = 10 pA) 
Zero Gate Voltage Drain Current Ipss 
(Vps = 60 V, Vgs = 0) 
Gate-Body Leakage Current — Reverse lass 

(VGSR = 15 Vdc, Vps = 0) 
_ ON CHARACTERISTICS* 


Gate Threshold Voltage VGSith) 1.0 
(Vos = Vas; |p = 1.0 mAdc) 


Static Drain-to-Source On-Resistance 
(Vqs = 10 Vdc, Ip = 1.0 Adc) 























(oe) 
oO 


— © 

N © 
< 
Qa 
i?) 


Vde 


7 





— 
ine) 


a 
Oo 
=) 
> 
Q. 
.s) 






Drain-to-Source On-Voltage (V@s = 10 Vdc) 
(Ip = 0.5 A) 
(ID = 1.0 A) 


On-State Drain Current ID(on) 1.0 
(Vas = 10 Vdc, Ip = 1.0 Amp) 

DYNAMIC CHARACTERISTICS 

Input Capacitance 

Output Capacitance (Vps = 25 V, Vas = 0, 
f = 1.0 MHz) 

Transfer Capacitance 

SWITCHING CHARACTERISTICS* 

Turn-On Time (See Figure 1) | ton of 

Turn-Off Time (See Figure 1) Cn i 


* Pulse Test: Pulse Width < 300 ps, Duty Cycle < 2.0%. 
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MMF T960T1 


RESISTIVE SWITCHING 


Figure 1. Switching Test Circuit Figure 2. Switching Waveforms 


+25 V 










To Sampling Scope 
50 Q Input 


Pulse Generator Vin Vout 


Output Vou; 
Inverted ee 
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MPF89 


CASE 29-03, STYLE 7 
TO-92 (TO-226AE) 


MAXIMUM RATINGS - 
P—sRating «| SSymbol_ | Value | Unit | 
[Drain-Source Voltage | Vs | 200 | Vd 


Drain Current — Continuous (1) 
— Pulsed (2) ; 
Total Power Dissipation @ Ta = 25°C 1.0 Watts 
Derate above 25°C 8.0 mW/°C 















2 Drain 
&) 
Gate 
1 
2 1 Source 
3 
TMOS FET 


TRANSISTOR 
N-CHANNEL — ENHANCEMENT 





ELECTRICAL CHARACTERISTICS (Ta, = 25°C unless otherwise noted.) 





Characteristic | Symbol | Min | typ | Max | Unit _| 


OFF CHARACTERISTICS 













tow 


















'DS(on) Ohms 


Drain-Source Breakdown Voltage (Vgs = 0, Ip = 0.5 mA) V(BR)DSS | 200 «| CU — | 
Zero Gate Voltage Drain Current Ipss pAdc 
(Vps = 200 V, Ves = 0) 
Gate-Body Leakage Current . nAdc 
(VGs = 20 V, Vps = 0) 
ON CHARACTERISTICS* 
Gate Threshold Voltage (Ip = 1.0 mA, Vps = VGs)___ Vestn) | 10 | = | 27 | vide 
Drain-Source On-Voltage (VGg = 10 V) VDS(on) Vdc 
(ID = 100 mA) 0.45 0.6 
300 mA) 1.2 1.8 
500 mA) 3.0 — 
On-State Drain Current ID(on) 700 mA 
(Vps = 25 V, Vgg = 10 V) 
Static Drain-Source On-Resistance (VGs = 10 Vdc) 
(Ip = 150 mA) 6.0 
(Ip = 300 mA) 
(Ip = 500 mA) 


6.0 


mmhos 
DYNAMIC CHARACTERISTICS 


Input Capacitance Ciss 
(Vps = 25 V, Vgg = 0, f = 1.0 MHz) 

Output Capacitance Coss 
(Vps = 25 V, Ves = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 
(Vps = 25 V, Ves = 0, f = 1.0 MHz) 

SWITCHING CHARACTERISTICS* 


Turn-On Time (See Figure 1) Leen 8 
Turn-Off Time (See Figure 1) 


(1) The Power Dissipation of the package may result in a lower continuous drain current. 
(2) Pulse Width < 300 us, Duty Cycle < 2.0%. 





wi Ti TI 
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MPF102 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 


NS 1 Drain 


MAXIMUM RATINGS 
[Rating ————~S*”r'CS yo‘ Value Unit 
Drain Source Voltage —=S~S~*~tC*«w S| 
[Gatecunent —SS*~*~*~“~sSSG SYS 

Total Device Dissipation @ Ta = 25°C oa mW 

Derate above 25°C 2.8 mWw/°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Symbol | Min | Max | Unit | 


OFF CHARACTERISTICS 
Gate-Source Breakdown Voltage V(BR)GSS —25 Vdc 
(lg = —10 pAdc, Vps = 0) 
Gate Reverse Current IGss 
(VG@sg = —15 Vdc, Vps = 0) nAdc 
(VGs = —15 Vdc, Vps = 0, Ta = 100°C) pAdc 
Gate Source Cutoff Voltage VGS(off) Vdc 
(Vps = 15 Vde, Ip = 2.0 nAdc) 
Gate Source Voltage VGs —7.5 Vde 
(Vps = 15 Vde, Ip = 0.2 mAdc) 


ON CHARACTERISTICS 








2 Source 


JFET 
VHF AMPLIFIER 


N-CHANNEL — DEPLETION 





Refer to 2N5484 for graphs. 





























Zero-Gate-Voltage Drain Current* Ipss mAdc 
(Vps = 15 Vde, Vgsg = 0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 









Forward Transfer Admittance* lyfs| pmhos 
(Vps = 15 Vde, Vgg = 0, f = 1.0 kHz) 2000 7500 
(Vps = 15 Vdc, Vgg = 0, f = 100 MHz) 1600 a 
Input Admittance Relyjs) 800 pmhos 
(Vps = 15 Vde, Veg = 0, f = 100 MHz) 
Output Conductance Re(yos) pmhos 
(Vps = 15 Vdc, Vgg = 0, f = 100 MHz) 
Input Capacitance Ciss 7.0 
(Vps = 15 Vde, Veg = 0, f = 1.0 MHz) 
Reverse Transfer Capacitance Crss 
(Vps = 15 Vdc, Ves = 0, f = 1.0 MHz) 


*Pulse Test: Pulse Width < 630 ms; Duty Cycle < 10%. 














MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


4-73 


MPF910 


MPF910 | 
i 7 | et CASE 29-03, STYLE 22 
MAXIMUM RATINGS _- TO-92 (TO-226AE) 


Rating 
‘0 3 Drain 
1 2 
2 Gate 
3 . 


| Drain-Source Voltage 
1 Source. 










| Gate-Source Voltage 


Drain Current — Continuous(1) _ 0.5 Adc 
Pulsed(2) 






Total Device Dissipation @ Ta = 25°C 
Derate above 25°C MPF910 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C MFE910 


Operating and Storage Junction | Tj, Tstg | —65 to +150 °C 
Temperature Range 


(1) The Power Dissipation of the package may result in a lower continuous drain 
current. N-CHANNEL — ENHANCEMENT 
(2) Pulse Width < 300 us, Duty Cycle < 2.0%. | 







TMOS 
SWITCHING 






Refer to MPF6659 for graphs. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 





[SSC haractercte dy | in | te | mee | ue 


OFF CHARACTERISTICS 














Zero-Gate-Voltage Drain Current pAdc 
(Vps =.40 V, Veg = 0) 

Gate Reverse Current nAdc 
(VGs = 10 V, Vps = 0) 

Drain-Source Breakdown Voltage V(BR)DSS Vdc 
(VGs = 0, Ip = 100 pA) 


ON CHARACTERISTICS . 

Gate Threshold Voltage VGSith) Vdc 
(Vps = VGs-. |p = 1.0 mA) 

Drain-Source On-Voltage VDS(on) Vdc 
(VGs = 10 V, ID = 500 mA) 






On-State Drain Current ID(on) 
(Vps = 25 V, Ves = 10 V) 
‘Forward Transconductance Ofs 

(Vps = 15 V, Ip = 500 mA) 
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MPF930* 
MPF960* 
MPF990* 


CASE 29-03, STYLE 22 
TO-92 (TO-226AE) 


3 Drain 
2 
Gate 
1 
2 1 Source 
3 


TMOS 
SWITCHING 


N-CHANNEL — ENHANCEMENT 


MAXIMUM RATINGS 


Rating 



















Drain-Source Voltage | Vps | 35 | 
Drain-Gate Voltage Mog |_ 3 | 
Gate-Source Voltage | Ves _| 
Drain Current 

Continuous (1) 
Pulsed (2) 
@ Ta = 25°C 
Derate above 25°C ; 
Operating and Storage Junction TJ, Tstg ~ 55 to 150 
Temperature Range 
Thermal Resistance es 

(1) The Power Dissipation of the package may result in a lower continuous drain 

current. 


Total Device Dissipation 
(2) Pulse Width < 300 us, Duty Cycle < 2.0%. 






*These are Motorola 
designated preferred devices. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic |_Symbol_| Min | typ | Mex | Unit | =o 








OFF CHARACTERISTICS 


















Drain-Source Breakdown Voltage V(BR)DSX 
(VGs = 0, Ip = 10 nA) MPF930 
MPF960 6 
MPF990 90 
Gate Reverse Current (VGs = 15 Vdc, Vps = 0) | — | — | 50 | nAde | 
ON CHARACTERISTICS* 














| toss | — | = [| 10 | Ade | 
| Vestn) | 10 | — | 35 | vac 


a 


Zero-Gate-Voltage Drain Current (Vps = Maximum Rating, VGs = 0) 


Gate Threshold Voltage (Ip = 1.0 mA, Vps = VgGs) 
Drain-Source On-Voltage (Vgs = 10 V) 
(ID = 0.5 A) MPF930 


MPF960 
MPF990 










(ID = 1.0 A) MPF930 
MPF960 
MPF990 


(Ip = 2.0 A) MPF930 
MPF960 
MPF990 


Static Drain-Source On Resistance 
(Vgs = 10 Vde, Ip = 1.0 Adc) MPF930 
MPF960 
MPF990 


On-State Drain Current (Vps = 25 V, Vgs = 10 V) 


SMALL-SIGNAL CHARACTERISTICS 
Input Capacitance (Vps = 25V, VGs = 0, f = 1.0 MHz) 





Reverse Transfer Capacitance (Vps = 25 V, VGs = 0, f = 1.0 MHz) 


Output Capacitance (Vps = 25 V, Vgs = 0, f = 1.0 MHz) le Coa 


Forward Transconductance (Vps = 25 V, Ip = 0.5 A) 
SWITCHING CHARACTERISTICS 








goat eee 


*Pulse Test: Pulse Width < 300 us, Duty Cycle <= 2.0%. 
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MPF930, MPF960, MPF990 


RESISTIVE SWITCHING 


_ FIGURE 1 — SWITCHING TEST CIRCUIT 


+25 V 








Pulse Generator 


Vps. DRAIN-SOURCE VOLTAGE (VOLTS) 


0.1 
-55 ~35 -15 +50 25 45 65 85 105 125 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 5 — TRANSFER CHARACTERISTIC 


Ip(on), DRAIN CURRENT (AMPS) 





10 


_ Vgg, GATE-SOURCE VOLTAGE (VOLTS) 





145 


FIGURE 2 — SWITCHING WAVEFORMS 






To Sampling Scope 
50 2 Input 


Output Vout 
Inverted 





Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 


FIGURE 6 — OUTPUT CHARACTERISTIC 


ID(on). DRAIN CURRENT (AMPS) 





10 
Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 


20 - 30 40 
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MPF930, MPF960, MPF990 


FIGURE 7 — SATURATION CHARACTERISTIC 


0.8 ————————S— 





Ipjon}- DRAIN CURRENT (AMPS) 


ED A SE SE EO ES ER CPS 


7 coat a an ee ee 


P A A ET ES SEAL EAS ATA ALD NS SE: 
0 O68 10 2.0 3.0 40 5.0 


Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 


o 
> 





0.2 
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MPF970 
MPF971 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 


Sy 1 Drain 


MAXIMUM RATINGS 


ee” aa 
[Brain Sourcevotage ———SSSCS~*dSCSN gs 
[oa vonage vpg | 90 
ce ee ae 


Total Device Dissipation @ Ta = 25°C 350 mw 
2.8 mWw/C 













2 Source 


JFET 
SWITCHING 


P-CHANNEL — DEPLETION 





Derate above 25°C 


Storage Channel Temperature Range —65 to + 150 a 
Operating Temperature Range -—65 to +150 ee eee: 5] 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[Characteristic «dS Syenbot [win | typ | a Un 


OFF CHARACTERISTICS 

Gate-Source Breakdown Voltage V(BR)GSS Vdc 
(lg = 1.0 wAdc, Vps = 0) 

Gate Reverse Current loss 
(VGsg = 15 Vde, Vps = 0) nAdc 
(VGs = 15 Vde, Vps = 0, Ta = 150°C) pAdc 


Drain-Cutoff Current ID(off) 
(Vps = 15 Vde, Veg = 12 Vdc) MPF970 
(Vps = 15 Vdc, Vgs = 12 Vdc, Ta = 150°C) MPF970 
(Vps = 15 Vdc, VGs = 7.0 Vdc) MPF971 
(Vps = 15 Vdc, VGsg = 7.0 Vde, Ta = 150°C) MPF971 


Gate Source Cutoff Voltage VGS(off) 
(Vps = 15 Vdc, Ip = 10 nAdc) MPF970 5.0 
MPF971 1.0 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) loss 
(Vps = 20 Vdc, Vgs = 0) MPF970 = 15 
MPF971 - 2.0 
Drain-Source On-Voltage VDS(on) 
(Ip = 10 mAdc, Vgs = 0) 
(Ip = 1.5 mAdc, Vgs = 0) 








Static Drain-Source On Resistance 'DS(on) 
(Ip = 1.0 mAdc, Vgs = 0) MPF970 
MPF971 


SMALL-SIGNAL CHARACTERISTICS 












Drain-Source “ON” Resistance 
(VGs = 0, Ip = 0, f = 1.0 kHz) MPF970 
- MPF971 


Tds(on) Ohms 
100 
250 
Ciss pF 
12 
12 








Input Capacitance 
(VGsS = 12 Vde, Vps = 0, f = 1.0 MHz) MPF970 
(Vgs = 7.0 Vde, Vps = 0, f = 1.0 MHz) MPF971 











Reverse Transfer Capacitance Crss pF 
(VGsS = 12 Vdc, Vps = 0, f = 1.0 MHz) MPF970 
(VGs = 7.0 Vde, Vps = 0, f = 1.0 MHz) MPF971 
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MPF970, MPF971 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 
SWITCHING CHARACTERISTICS (See Figure 6, Rx = 0) (1) 


Rise Time 
(Ip(on) = 10 mAdc, VGSi(off) = 12 Vdc) MPF970 
(Ip(on) = 1.5 mAdc, VGS(off) = 7-0 Vdc) MPF971 


Fall Time 
(Ip(on) = 10 mAdc, VGsioff) = 12 Vde) MPF970 
(Ip(on) = 1.5 mAdc, VGS(off) = 7.0 Vdc) MPF971 


Turn-On Time 
(Ip(on) = 10 mAdc, VGSi(off) = 12 Vdc) MPF970 
(Ip(on) = 1.5 mAdc, VGS(off) = 7-0 Vdc) MPF971 
Turn-Off Time 
(Ip(on) = 10 mAdc, VGS(off) = 12 Vde) MPF970 
(Ip(on) = 1.5 mAdc, VGSioff) = 7.0 Vdc) MPF971 


(1) Pulse Test: Pulse Width = 100 us, Duty Cycle < 1.0%. 





FIGURE 1 — EFFECT OF Ipss ON DRAIN-SOURCE 
RESISTANCE AND GATE-SOURCE VOLTAGE 


pt pt oe eet 
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FIGURE 2 — TURN-ON DELAY TIME FIGURE 3 — RISE TIME 
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tr, RISE TIME (ns) 
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Ip, DRAIN CURRENT a. 
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MPF970, MPF971 


FIGURE 4 — TURN-OFF DELAY TIME 


SSP, GN SH OS ES SPAN) ane OS aS 
os CS 5 0a a ee Tchannel ® 25°C, |_| 
VGS(off) = 12 V (MPF970) 
7.0 V (MPF971) 










td(off), TURN-OFF DELAY TIME (ns) 


Ip, DRAIN CURRENT (mA) 


FIGURE 6 — SWITCHING TIME TEST CIRCUIT 
? -VOD 


INPUT PULSE 


tr<0.25 ns NGG AAR. 
tf< 0.5 ns Rp’ = Ro(RT+50) 
PULSE WIDTH = 2.0 us Rot+RT+50 


DUTY CYCLE< 2.0% 


FIGURE 7 — TYPICAL FORWARD TRANSFER ADMITTANCE 


ee 
sot ett 
el Pen ekiiee 






yfs, FORWARD TRANSFER ADMITTANCE (mmhos) 


ip, DRAIN CURRENT (mA) 


C, CAPACITANCE (pF) 


FIGURE 5 — FALL TIME 


tt, FALL TIME (ns) 





1p, DRAIN CURRENT (mA) 


NOTE 1 

The switching characteristics shown above were measured using a 
test circuit similar to Figure 6. At the beginning of the switching 
interval, the gate voltage is at Gate Supply Voltage (+VGqG). The 
Drain-Source Voltage (Vps) is slightly tower than Drain Supply 
Voltage (Vpp) due to the voltage divider. Thus Reverse Transfer 
Capacitance (C,s,) or Gate-Drain Capacitance (Cgq) is charged to 
VGG + Vps-. 

During the turn-on interval, Gate-Source Capacitance (Cgs) 
discharges through the series combination of RGen and RK. Cgq 
must discharge to Vps(on) through Rg and Rx in series with the 
parallel combination of effective load impedance (R’p) and 
Drain-Source Resistance (rgs). During the turn-off, this charge 
flow is reversed. 

Predicting turn-on time is somewhat difficult as the channel 
resistance rq, is a function of the gate-source voltage. While Cg 
discharges, VGg approaches zero and rg, decreases. Since Cog 
discharges through rqg, turn-on time is non-linear, During turn-o . 
the situation is reversed with rqs increasing as Cgq charges. 

The above switching curves show two impedance conditions: 1) 
Re is equal to Rp, which simulates the switching behavior of 
cascaded stages where the driving source impedance is normally 
the load impedance of the previous stage, and 2) RK = 0 (low 
impedance) the driving source impedance is that of the generator. 


FIGURE 8 — TYPICAL CAPACITANCE 
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Vr, REVERSE VOLTAGE (VOLTS) 
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MPF970, MPF971 












FIGURE 9 — EFFECT OF GATE-SOURCE VOLTAGE FIGURE 10 — EFFECT OF TEMPERATURE ON DRAIN-SOURCE 
ON DRAIN-SOURCE RESISTANCE ON-STATE RESISTANCE 
280 
i ae ee ae eae 
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60 90 120 150 


Vgs, GATE-SOURCE VOLTAGE (VOLTS) 


Tchannel, CHANNEL TEMPERATURE (°C) 





FIGURE 11 — LOW FREQUENCY CIRCUIT MODEL 


Vis = Je Ciss 

Vos <1} toss t 143 Coss 
Yts- Yfs 

Vrs > “Ww Crss 


Ciss = Cga + Cs 
Crs = Cgd 
Coss = Cgg * Cis. Cas 0 
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MAXIMUM RATINGS 


Total Device Dissipation @ Ta = 
Derate above 25°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 





OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(ig = —1.0 wAde, Vps = 0) 


Gate Reverse Current 
(VGs = —30 Vdc, Vps = 0) 


(VGs = —30 Vdc, Vps = 0, Ta = 


Gate Source Cutoff Voltage 


(Ip = 0.5 nAdc, Vpg = 15 Vdc) 


Gate Source Voltage 
(Ip = 50 pAdc, Vps = 15 Vdc) 


(Ip = 200 Adc, Vpg = 15 Vdc) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 


(Vps = 15 Vdc, V6sg = 0) 


150°C) 





MPF3821 
MPF3822 


MPF3821 
MPF3822 


MPF3821 
MPF3822 


MPF3821 
MPF3822 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 


Sy | 1 Drain 
y/ 


- 2 Source 


JFET 
GENERAL PURPOSE 


N-CHANNEL — DEPLETION 





Refer to 2N5457 for graphs. 


[Symbol | Min [Mee [une 








SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 Vde, Vgs = 0, f = 


(Vps = 15 Vdc, Vgs = 0, f 


Output Admittance(1) 
(Vps = 15 Vde, Ves 


Input Capacitance 
(Vps = 15 Vde, Ves = 0, f = 


Reverse Transfer Capacitance | 
(Vps = 15 Vde, Ves = 0, f = 


1.0 kHz)(1) 


100 MHz) 


1.0 kHz) 


1.0 MHz) 


1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 


(Vps = 15 Vde, Vgs = 0, Rs = 


= 10 Hz, Noise Bandwidth = 


Equivalent Input Noise Voltage 
(Vps = 15 Vde, Vgg = 0, f = 10 Hz, Noise Bandwidth = 


(1) Pulse Test: Pulse Width < 100 ms, Duty Cycle < 


5.0 Hz) 


1.0 megohm, 


MPF3821 
MPF3822 


MPF3821 
MPF3822 


MPF3821 
MPF3822 


5.0 Hz) 








nv/Hz'2 
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MPF4391 
thru 
MPF4393* 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 


1 Drain 


MAXIMUM RATINGS 


Drain-Source Voltage 


Drain-Gate Voltage 
Gate-Source Voltage 


2 Source 


JFETs 
SWITCHING 


Forward Gate Current 


Total Device Dissipation @ Ta = 25°C 


Derate above 25°C N-CHANNEL — DEPLETION 


%* MPF4392 and MPF4393 are Motorola 
designated preferred devices. 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 














OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
(lg = 1.0 Adc, Vps = 0) 


Gate Reverse Current 
(VGs = 15 Vde, Vps 
(VGs = 15 Vdc, Vps 


Drain-Cutoff Current 
(Vps = 15 Vdc, Vgg = 12 Vdc) 
(Vps = 15 Vde, Vgsg = 12 Vdc, Ta = 100°C) 


Gate Source Voltage 
(Vps = 15 Vdc, Ip = 10 nAdc) MPF4391 
MPF4392 

MPF4393 









0) 
0, Ta = 100°C) 























ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current(1) 
(Vps = 15 Vdc, Vgs = 0) MPF4391 
MPF4392 
MPF4393 


Drain-Source On-Voltage 
(lp = 12 mAdc, VGs = 0) MPF4391 
(Ip = 6.0 mAdc, VEs = 0) MPF4392 
(Ip = 3.0 mAdc, Vgs = 0) MPF4393 


Static Drain-Source On Resistance 
(Ip = 1.0 mAdc, Vgs = 0) MPF4391 
MPF4392 
MPF4393 





SMALL-SIGNAL CHARACTERISTICS 


Forward Transfer Admittance 
(Vps = 15 Vdc, Ip = 60 mAdc, f = 1.0 kHz) MPF4391 
(Vps = 15 Vdc, Ip = 25 mAdc, f = 1.0 kHz) MPF4392 
(Vps = 15 Vdc, Ip = 5.0 mAdc, f = 1.0 kHz) MPF4393 


Drain-Source “ON” Resistance 


(Vgs = 0, Ip = 0, f = 1.0 kHz) MPF4391 
MPF4392 
MPF4393 


input Capacitance 
(VGs = 15 Vdc, Vps = 0, f = 1.0 MHz) 
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MPF4391 thru MPF4393 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Reverse Transfer Capacitance 


-(VGsg = 12 Vde, Vps = 0, f = 1.0 MHz) 
(Vps = 15 Vdc, Ip = 


SWITCHING CHARACTERISTICS 


Rise Time (See Figure 2) 
(ID(on) = 12 mAdc) 
(ID(on) or: 6.0 mAdc) 
(ID(on) = 3.0 mAdc) 


Fall Time (See Figure 4) 
(VGS(off) = 12 Vde) 
(VGS(off) = 7:0 Vdc) 
(VGS(off) = 5.0 Vdc) 


Turn-On Time (See Figures 1 and 2) 
(ID(on) = 12 mAdc) 
(ID(on) = 6.0 mAdc) 
(ID(on) = 3.0 mAdc) 
Turn-Off Time (See Figures 3 and 4) 
(VGS(off) = 12 Vde) 
7.0 


(VGS(off) = Vdc) 
(VGS(off) = 5.0 Vdc) 


(1) Pulse Test: Pulse Width < 


100 us, Duty Cycle <= 


10 mAdc, f = 1.0 MHz) 


MPF4391 
MPF4392 
MPF4393 


MPF4391 
MPF4392 
MPF4393 


MPF4391 
MPF4392 
MPF4393 


MPF4391 
MPF4392 
MPF4393 





1.0%. 


TYPICAL SWITCHING CHARACTERISTICS 


FIGURE 1 — TURN-ON DELAY TIME 
































FIGURE 2 — RISE TIME 
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MPF4391 thru MPF4393 


NOTE 1 


The switching characteristics shown above were measured using a 

test circuit similar to Figure 5. At the beginning of the switching 
>NBD interval, the gate voltage is at Gate Supply Voltage (-VGgG). The 
Drain-Source Voltage (Vps) is slightly lower than Drain Supply. 
Voltage (Vpp) due to the voltage divider. Thus Reverse Transfer 
Capacitance (Crs) or Gate-Drain Capacitance (Cgq) is charged to 
SET Vostott) = 10 V VGG + Vps. 

During the turn-on interval, Gate-Source Capacitance (Cg) dis- 
charges through the series combination of RGen and Rx. “ed 
must discharge to Vps(on) through Rg and Rx in series with the 
parallel combination of effective load impedance (R'p) and Drain- 
Source Resistance (rgs). During the turn-off, this charge flow is 
reversed. 

Predicting turn-on time is somewhat difficult as the channel 
resistance rqs is a function of the gate-source voltage. While Cog 
discharges, VGs approaches zero and rq, decreases. Since Cgq 
discharges through rqg¢, turn-on time is non-linear. During turn-off, 


FIGURE 5 — SWITCHING TIME TEST CIRCUIT 


Ro 


’ 
t) 
—_— 









































Yfs, FORWARD TRANSFER ADMITTANCE (mmhos) 


INPUT PULSE RGG > RK = the situation is reversed with rqg increasing as Cgq charges. 
Noosa The above switching curves show two impedance conditions; 1) 
pute Widta 7g Rp’ - RotRT+50) RK is equal to Rp: which simulates the switching behavior of 
Bet ore ewe aoe cascaded stages where the driving source impedance is normally the 
load impedance of the previous stage, and 2) R« = O (low imped- 
ance) the driving source impedance is that of the generator. 
FIGURE 6 — TYPICAL FORWARD TRANSFER ADMITTANCE FIGURE 7 — TYPICAL CAPACITANCE 
cer 
— MPF4391 10F Hill ——=18 
ic : i= rH Ge Stitt 
1 S lm 
es ae ee ee anise ti 
oO 
rr ere ve Lon tS as solo 
ant ae Oa ease et ET TNT 
Bes a eae é 
DEE Hiatt tS 
224i ee ee 20H} 
Si See 20f- cea 
3.0 $e is a 
EY EE Wes Tt Tato 7 
ge . 3 0.05 
05 07 10 30 50 7.0 10 2 «30—Ss«S0 ” af ne, le le 
DRAIN CURRENT (mA) VR, REVERSE VOLTAGE (VOLTS) 
FIGURE 8 — EFFECT OF GATE-SOURCE VOLTAGE FIGURE 9 — EFFECT OF TEMPERATURE ON DRAIN—SOURCE 
ON DRAIN-SOURCE RESISTANCE ON-STATE RESISTANCE 


200 




















Ids(on), DRAIN-SOURCE ON-STATE 
RESISTANCE (QHMS) 


'ds(on}, DRAIN-SOURCE ON-STATE 
RESISTANCE (NORMALIZED) 


CNT 
CoAT 
CEE 





0 1.0 2.0 3.0 40 5.0 6.0 7.0 8.0 -70 -40 -10 20 50 80 110 140 170 
Vos, GATE-SOQURCE VOLTAGE (VOLTS) Tchannel, CHANNEL TEMPERATURE (°C) 
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MPF4391 thru MPF4393 


FIGURE 10 — EFFECT OF IDSS ON DRAIN-SOURCE 
RESISTANCE AND GATE-SOURCE VOLTAGE 


ri fem | LT PA. 
ase eevee 
ene eee? dea 


Ph Sake eee 







fds(on), ORAIN-SOURCE ON-STATE 
RESISTANCE (ohms) 
& $ 8 


40 2 
2 ttt tt ts 
a 2.0 8 
i a 1.0 
0 0° 


10 20 30 40 50 60 70 80 90 100 110 im 130 _L 150 
Ipss, ZERO-GATE-VOLTAGE DRAIN CURRENT (mA) 


NOTE 2 


The Zero-Gate-Voitage Drain Current (Ipgg), is the principle deter- 
minant of other J-FET characteristics. Figure 10 shows the 
relationship of Gate-Source Off Voltage (VGs(off)) and Drain- 
Source On Resistance (fqs(gn)) to Ipss. Most of the devices will 
be within +10% of the values shown in Figure 10. This data will - 
be useful in predicting the characteristic variations for a given 
part number. 

For example: 

Unknown 
fds(on) and VGsg range for an MPF 4392 

The electrical characteristics table indicates that an MPF4392 
has an Ipsgg range of 25 to 75 mA. Figure 10, shows fdg¢ion) 
= 52 Ohms for Ipss = 25 mA and 30 Ohms for Ings = 75 mA. 
The corresponding VGs values are 2.2 volts and 4.8 voits. 
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MPF4856 
thru 
MPF4861* 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS > 
MPF4856 | MPF4859 / 


Drain-Source Voltage 


2 Source 


Y 
JFET 


SWITCHING 


N-CHANNEL — DEPLETION 


* These are Motorola 
preferred devices. 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 360 
2.4 


—~65 to +150 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 





Refer to MPF4391 for graphs. 








OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage V(BR)GSS 
(ig = 1.0 uAdc, Vps = 0) MPF4856, MPF4857, MPF4858 — 40 
MPF4859, MPF4860, MPF4861 — 30 


Gate Reverse Current Igss 
(VGsS = ~—20 Vdc, Vps = MPF4856, MPF4857, MPF4858 
(VGsS = —15 Vde, Vps MPF4859, MPF4860, MPF4861 
(VGsS = —20 Vdc, Vps = = 150°C) MPF4856, MPF4857, MPF4858 
(VGs = —15 Vde, Vos = 150°C) MPF4859, MPF4860, MPF4861 


Gate Source Cutoff Voltage VGStoft 
(Vps = 15 Vde, Ip = 0.5 nAdc) MPF4856, MPF4859 
MPF4857, MPF4860 
MPF4858, MPF4861 


Drain Cutoff Current 
(Vns = 15 Vde, Vgg = —10 Vdc) 
(Vps = 15 Vde, VGg = —10 Vdc, Ta = 150°C) 


ON CHARACTERISTICS 





Zero-Gate-Voltage Drain Current(1) IDSs mAdc 
(Vps = 15 Vde, Vgg = 0) MPF4856, MPF4859 50 = 
MPF4857, MPF4860 20 100 
MPF4858, MPF4861 8.0 80 

Drain-Source On-Voltage VDS\(on) Vdc 
(Ip = 20 mAdc, Vgs = 0) MPF4856, MPF4859 0.75 
(Ip = 10 mAdc, Vgg = 0) MPF4857, MPF4860 0.5 
(Ip = 5.0 mAdc, VGs = 0) MPF4858, MPF4861 0.5 


SMALL-SIGNAL CHARACTERISTICS 


Drain-Source “ON” Resistance Tds(on) Ohms 
(VGs = 0, Ip = 0, f = 1.0 kHz) MPF4856, MPF4859 25 
MPF4857, MPF4860 40 
MPF4858, MPF4861 60 
Input Capacitance Ciss pF 
(Vps = 0, VGs = —10 Vdc, f = 1.0 MHz) MPF4856 thru MPF4861 18 


Reverse Transfer Capacitance Crss pF 
(Vps = 0, VGs = ~10 Vdc, f = 1.0 MHz) 
MPF4856 thru MPF4861 — 8.0 
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MPF4856 thru MPF4861 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 





Characteristic _ | Symbol | Min | Max | Unit | 
SWITCHING CHARACTERISTICS . 


Turn-On Conditions for MPF4856, MPF4859: MPF4856, MPF4859 
Delay Time (Vpp = 10 Vdc, Ip(on) = 20 mAdc, MPF4857, MPF4860 
| VGS(on) = 9, VGS(off) = — 10 Vdc) MPF4858, MPF4861 


ee Conditions for MPF4857, MPF4860: MPF4856, MPF4859 
(Vpp = 10 Vdc, Ip(on) = 10 mAdc, MPF4857, MPF4860_| 


VGS(on) = 9 VGS(off) = —6.0 Vdc) MPF4858, MPF4861 


Tar Of time Conditions for MPF4858, MPF4861: MPF4856, MPF4859 
_ | Npp = 10 Vac, Ipjon) = 5.0 mAdc, MPF4857, MPF4860 
VGS(on) = % VGS(off) = —4-0 Vde) MPF4858, MPF4861 
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MPF6659 
MAXIMUM RATINGS thru 


MPF6661* 


CASE 29-03, STYLE 22 
TO-92 (TO-226AE) 












Drain-Source Voltage 


| Symbol | [Unit _ 
| Vos | 35 | 60 | 90 | Vac | 
|Drain-Gate Voltage | “Voc | 35 | 60 | 90 | vac | 
|Gate-Source Voltage | Vas | 90 | ae 
mm 


Drain Current — 
Continuous (1) 
Pulsed (2) 


Total Device Dissipation 
@ Tc = 25°C oe Watts 
Derate above 25°C mW/°C 


Total Device Dissipation 
@ Ta = 25°C Watts 
Derate above 25°C mWwW/°C 
TMOS FET TRANSISTORS 
Operating and Storage Junction Ty, Tstg —55 to + 150 i 
Temperature Range N-CHANNEL — ENHANCEMENT 


(1) The Power Dissipation of the package may result in a lower continuous drain +*MPEF6660 and MPF6661 are 


current. : : 
Motorola designated preferred devices. 
(2) Pulse Width < 300 ys, Duty Cycle < 2.0%. : é 







2.0 
3.0 












2 Source 








ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Zero-Gate-Voltage Drain Current IpDss pwAdc 
(Vps = Maximum Rating, VGs = 0) 
Gate-Body Leakage Current IGss nAdc 
(Vgs = 15 V, Vps = 0) 
Drain-Source Breakdown Voltage V(BR)DSX 
(Veg = 0, Ip = 10 pA) MPF6659 
MPF6660 5 
MPF6661 90 
ON CHARACTERISTICS(1) 
Gate Threshold Voltage VGS(Th) 
(Vps = Ves. |p = 1.0 mA) 
Drain-Source On-Voltage VDS(on) 
(Vgs = 10 V, Ip = 1.0 A) MPF6659 


MPF6660 
MPF6661 





OFF CHARACTERISTICS 




























(Vgg = 5.0 V, Ip = 0.3 A) MPF6659 
MPF6660 
MPF6661 


Static Drain-Source On Resistance rDS(on) 
(VGs = 10 Vde, Ip = 1.0 Adc) MPF6659 
MPF6660 
MPF6661 


On-State Drain Current ID(on) 
(Vps = 25V, Ves = 10 V} 
SMALL-SIGNAL CHARACTERISTICS 


Input Capacitance 
(Vps = 25 V, Ves = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 25 V, Ves = 0, f = 1.0 MHz) 





Output Capacitance 
(Vps = 25 V, Ves = 0, f = 1.0 MHz) 


Forward Transconductance 
(Vps = 25 V, Ip = 0.5 A) 
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MPF6659 thru. MPF6661 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 













p haracteristic S| Symbol | Min | Typ | Max | Unit | 
SWITCHING CHARACTERISTICS(1) ae 

pRiseTime —(—si‘“(;‘séi‘iYSC‘i te | = = os 
fFaltime —“Csis‘“Cs‘“‘“‘“(; te hl UK TK fT Ts | 
[Turn-OnTime ee —C—sts—SSSSC—S tn S| = | UK lt is 

‘Fruroft time ce ee oe 


" (1) Pulse Test: Pulse Width < 300 ys, Duty Cycle < 2.0%. 


RESISTIVE SWITCHING 


FIGURE 1 — SWITCHING TEST CIRCUIT FIGURE 2 — SWITCHING WAVEFORMS 
+ 25V . . 


To Sampling Scope 
50 2 Input 







Pulse Generator 






Output y 
t 
Inverted a 


Input Vin 10% 


FIGURE 4 — ON-REGION CHARACTERISTICS 


VGS(th}, THRESHOLD VOLTAGE 


ATT 
SREURARREE 





50 
Ty, JUNCTION TEMPERATURE 


FIGURE 5 — OUTPUT CHARACTERISTICS FIGURE 6 — CAPACITANCE versus DRAIN-TO-SOURCE VOLTAGE 


OP 
Ces 


100 





Pp 80 
= = 
= & 
zi 9 60 ee 
= =< | 
ras) oO 
z a 
= 3s 4 
a Oo 
s 
r=) 20 
0 10 20 30 40 50 60 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
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MPF6659 thru MPF6661 


FIGURE 7 — ON-VOLTAGE versus TEMPERATURE 
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VNO300L* 


CASE 29-04, STYLE 22 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Drain-Gate Voltage 


AS 3 Drain 


Gate-Source Voltage ; 
Continuous Drain Current : 


| Pulsed Drain Current 


Power Dissipation @ Tc = 25°C 
Derate above 25°C 


1 Source 


Operating and Storage Temperature 





TMOS FET 


THERMAL CHARACTERISTICS | TRANSISTOR 


N-CHANNEL — ENHANCEMENT 


Thermal Resistance, Junction to Ambient 





*This is a Motorola 


Maximum Lead Temperature for Soldering designated preferred device 


Purposes, %1e” from case for 10 seconds 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | unit _| 








STATIC CHARACTERISTICS 
Drain-Source Breakdown Voltage 
(VGs = 0, Ip = 10 pA) 
Zero Gate Voltage Drain Current 

(Vps = 48 V, Ves = 0) 

(Vps = 48 V, Ves = 0, Ta = 125 °C) 
Gate-Body Leakage 

(Vps = 0, Vgg = +30 V) 
Gate Threshold Voltage 

(Vps = VGs-. |p = 1.0 mA) 


On-State Drain Current* 
(Vps = VGs. Ip = 1.0 mA) 





Drain-Source On Resistance* 
(VGs = 5.0 V, Ip = 0.3 A) 
(VGs = 10 V, Ip = 1.0 A) 


DYNAMIC CHARACTERISTICS 


Input Capacitance | ; ee 
Output Capacitance ae Hehe Ves = 0 a 


Reverse Transfer Capacitance 


SWITCHING CHARACTERISTICS 


Vpp = 25V, Ip = 1.0A 


RL = 240, RG = 250 
Turn-Off Time 





* Pulse Test; Pulse width < 300 ys, Duty Cycle < 2% 
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VNOG10LL* 


CASE 29-04, STYLE 22 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


Drain-Gate Voltage (RGs = 1 MQ) VDGR aa Vdc 
Gate-Source Voltage +40 Vdc 


Drain Current 
Continuous 
Pulsed 


Total Power Dissipation @ Ta = 25°C 
Derate above 25°C 









SN 3 Drain 










1 Source 


TMOS FET 
TRANSISTOR 


N-CHANNEL — ENHANCEMENT 


*This is a Motorola 
designated preferred device. 


Maximum Lead Temperature for 
Soldering Purposes, 1/16” from case 
for 10 seconds 





Refer to BS170 for graphs. 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic Symbol_| Min | Max | Unit 
Drain-Source Breakdown Voltage ViBR)DSS Vdc 
(VGs = 0, Ip = 100 pA) 


Zero Gate Voltage Drain Current Ipss pAdc 
(Vps = 48 V, Vgs = 0) 10 
(Vps = 48 V, Ves = 0, Ty = 125°C) 500 

Gate-Body Leakage Current, Forward IGSSF — 100 nAdc 
(VGSF = 30 Vdc, Vps = 0) 

ON CHARACTERISTICS* 

Gate Threshold Voltage (Vps = VGs, |p = 1.0 mA) VGSith) | os | 25 | Vvde | 

Static Drain-Source On-Resistance 'DS(on) Ohm | 
(VGs = 10 Vdc, Ip = 500 mA) 
(VGsg = 10 Vdc, Ip = 500 mA, Te = 125°C) 

Drain-Source On-Voltage 

(VGs = 5.0 V, Ip = 200 mA) 

(VGs = 10 V, Ip = 500 mA) 


On-State Drain Current (VGs = 10 V, Vps = 2.0 Vps(on)) 





OFF CHARACTERISTICS 



















Forward Transconductance (Vps 2 2.0 Vps(on), |p = 500 mA) | 100 
DYNAMIC CHARACTERISTICS 
ee 
os = 28 ¥.vas = ¢ ae 
| 


SWITCHING CHARACTERISTICS* 


Turn-On Delay Time (Vpp = 15 V, Ip = 600 mA 








Turn-Off Delay Time Rgen = 25 ohms, Ry = 23 ohms) 


*Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 





MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


4-93 














VN10LM 


CASE 29-03, STYLE 22 
TO-92 (TO-226AE) 








MAXIMUM RATINGS 
: Rating 


Drain-Source Voltage 
Gate-Source Voltage 


Drain Current — Continuous(1) 
Pulsed(2) — 

Total Power Dissipation @ Ta = 2 

Derate above 25°C . : 













1 Source 











aC 
| TMOS FET 
TRANSISTOR © 







(1) The Power Dissipation of the package may result in a lower continuous drain 
current. 
(2) Pulse Width < 300 ps, Duty Cycle. 


N-CHANNEL — ENHANCEMENT 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage : V(BR)DSS 
(Vgg = 0, Ip = 100 pA) 


Zero Gate Voltage Drain Current | IDSs 


(Vos = 45 V, Ves = 0) 


Gate-Body Leakage Current Igss 
(V6s = -15V, Vps = 0) 


Gate-Body Leakage Current | Iss? cae 





(VGs = 15 V, Vps = 0) 
ON CHARACTERISTICS 


Gate Threshold Voltage | VGSith) 25 | Vde 
(Vps = VGs. Ip = 1.0 mA) 
On-State Drain Current | 750 


(Vps = 15 V, Vgg = 10 V) 
Forward Transconductance Ofs 200 
(Vps = 15 V, Ip = 500 mA) 
Drain-Source On-Voltage 
(VGg = 5.0 V, Ip = 200 mA) 
Drain-Source On-Voltage VDS(on)* 
(VGs = 10 V, Ip = 500 mA) 
Drain-Source On-Resistance 


DS(on)! 
(Vgg = 5.0V, Ip = 200 mA) 


Vps(on)! 


-, 
ia 





Drain-Source On-Resistance | 'DS(on)* 


(VGsS = 10 V, Ip = 500 mA) ia 


Input Capacitance 
Coss 


Tv 


ao 
© 


(Vps = 25 V, Ves 1.0 MHz) 


Output Capacitance 
(Vps = 25 V, VGs = 


Reverse Transfer Capacitance Crss 5.0 
(Vps = 25 V,VGs = OV, f = 1.0 MHz) 

Turn-On Time ton 10 
(Vos = 15 V, RE = 230, Rg = 500, Vin = 20 V) 


NO 

on 
no] 

mn 





TC 
mn 





Turn-Off Time toff 1 
(Vos = 15 V, RE = 230, Rg = 500, Vin = 20 V) 


EE 
EE 
wn 
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VN1706L* 


CASE 29-04, STYLE 22 


MAXIMUM RATINGS TO-92 (TO-226AA) 


| Rating | Symbol 
|GateSource Voltage | VS 
[Continuous Drain Current | 
Pula brie Curent —___{_ om _ 


Power Dissipation @ Tc =— 25°C 
Derate above 25°C 


THERMAL CHARACTERISTICS 












Value 





yg 3 Drain 








1 Source 


350 
2.8 





TMOS FET 
TRANSISTOR 










Characteristic 
Thermal Resistance, Junction to Ambient ReJA 


Maximum Lead Temperature for Soldering 
Purposes, “se” from case for 10 seconds 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


a a 


STATIC CHARACTERISTICS 


Drain-Source Breakdown Voltage V(BR)DSS 

(Vgs = 0, Ip = 100 pA) 
Zero Gate Voltage Drain Current 

(Vps = 120 V, Ves = 0) 

(Vps = 120 V, Veg = 0, Ta = 125 °C) 
Gate-Body Leakage 

(Vps = 0, VGs = +15 V) 
Gate Threshold Voltage 

(Vps = V6s-_ Ip = 1.0 mA) 
On-State Drain Current* 

(VGs = 10 V, Vps 2 2.0 VDS(on)) 
Drain-Source On Resistance* 

(VGs = 2.5 V, Ip = 0.1 A) 

(VGs = 10 V, Ip = 0.5 A) 


Forward Transconductance* 
(Vps = 10 V, Ip = 0.5 A) 


N-CHANNEL — ENHANCEMENT 





*This is a Motorola 
designated preferred device. 












DYNAMIC CHARACTERISTICS 


Input Capacitance Ciss 
Output Capacitance f = 1.0 MHz Coss 
Reverse Transfer Capacitance 


SWITCHING CHARACTERISTICS 


Vop = 60 V, Ip = 0.1A 
RL = 1500, Rg = 260 
Turn-Off Time 


* Pulse Test; Pulse width < 300 us, Duty Cycle < 2% 
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VN2222LL* 


CASE 29-04, STYLE 22 
TO-92 (TO-226AA) 


MAXIMUM RATINGS _ 


[Brain Source Votoge Sd Voss | 
Drsin-Gate Voltage (Ag = 1a) | Voga, | 60 


Drain Current 
Continuous 
Pulsed 


Total Power Dissipation @ Ta = 25°C 
Derate above 25°C 





3 Drain 





SY 











1 Source 


TMOS FET 


THERMAL CHARACTERISTICS TRANSISTOR 


Thermal Resistance Junction to Ambient 312.5 °C/W 
Maximum Lead Temperature for TL 300 °C 
Soldering Purposes, 1/16” from case 
for 10 seconds 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
Characteristic 






N-CHANNEL — ENHANCEMENT 


*This is a Motorola 
designated preferred device. 










OFF CHARACTERISTICS 

Drain-Source Breakdown Voltage 
(VGs = 0, Ip = 100 uA) 

Zero Gate Voltage Drain Current 
(Vos = 48 V, Ves = 0) 
(Vps = 48 V, Ves = 0, Ty = 125°C) 





Gate-Body Leakage Current, Forward 
(VGSF = 30 Vdc, Vps = 0) 





ON CHARACTERISTICS* 





Gate Threshold Voltage (Vps = VGs. Ip = 1.0 mA) | VGSith) Boies, 
Static Drain-Source On-Resistance 'DS(on) 

(VGs = 10 Vdc, ip = 0.5 Adc) 

(VGs = 10 Vdc, Ip = 0.5 V, Tc = 125°C) ; | 


Drain-Source On-Voltage VDS(on) 
(VGs = 5.0 V, Ip = 200 mA) 


(VGs = 10 V, Ip = 500 mA) 


On-State Drain Current 
(VGsg = 10 Vdc, Vps = 2.0 Vpsion)) 


Forward Transconductance 
(Vps = 10 V, Ip = 500 mA) 


DYNAMIC CHARACTERISTICS 


Input Capacitance j I ee | 
i i ae oa ees 
Output Capacitance f = 1.0 MHz) | , . 





Reverse Transfer Capacitance 
SWITCHING CHARACTERISTICS* 


Turn-On Delay Time (Vpp = 15 V, Ip = 600 mA 





Turn-Off Delay Time Rgen = 25 ohms, RL = 23 ohms) 


*Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
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VN2222LL 


CCCCENSC 
HEH ANS 








(SdWv¥) LN3YHND NIVYC 


Vps, DRAIN SOURCE VOLTAGE (VOLTS) 
Figure 1. Ohmic Region 


Figure 2 Transfer Characteristics 

















RSEEE Ne 
aiaeenl 





(aaznvn4oN! 
JONVISISIY-NO 39UNOS-NivHG UWS (YOISG 


I, sie (°C) 
Figure 3. Temperature versus Static Drain-Source 


T, TEMPERATURE (°C) 
Figure 4. Temperature versus Gate Threshold Voltage 


On-Resistance 
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VN2406L* 


ky CASE 29-04, STYLE 22 

MAXIMUM RATINGS a TO-92 (TO-226AA) 
[brain-Gete Vortaye ————SS*dtCV gr 
[Gate-Source votuys——S~S~éidtC gs | 


Pulsed Drain Current 7 ; ipm | 
Power Dissipation @ Tc = 25°C ha 











NY 3 Drain 


1.Source 


Derate above 25°C 


TMOS FET 
TRANSISTOR 


N-CHANNEL — ENHANCEMENT 


*This is a Motorola 


Maximum Lead Temperature for Soldering designated preferred device 


Purposes, “re” from case for 10 seconds 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 








STATIC CHARACTERISTICS 
Drain-Source Breakdown Voltage V(BR)DSS V 

(VGs = 0, Ip = 100 uA) 
Zero Gate Voltage Drain Current 

(Vps = 120 V, Vgg = 0) 

(Vps = 120 V, Veg = 0, Ta = 125°C) 


Gate-Body Leakage 
(Vps = 0, Vgs = +15 V) 


Gate Threshold Voltage VGS(th) 
(Vps = VGs. Ip = 1.0 mA) 
On-State Drain Current* (Bion) 


(VGS = 10V, Vps = 2.0 VDS(on)) 


Drain-Source On Resistance* | 
(VGs = 2.5 V, Ip = 0.1 A) 
(VGs = 10 V, Ip = 0.5 A) 





Forward Transconductance* Ofs 


(Vpg = 10V, Ip = 0.5 A) 
DYNAMIC CHARACTERISTICS 


Input Capacitance 

, Vps = 25 V, Ve6s = 0 
Output Capacitance 1.0 MHz 
Reverse Transfer Capacitance 


SWITCHING CHARACTERISTICS 


| — | 

— 
Vpop = 60 V, Ip = 0.4A He eee od 

aa 

| = 











Ri = 1500, Rg = 250 
Turn-Off Time 


* Pulse Test; Pulse width < 300 us, Duty Cycle < 2% 
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VN2410L* 


CASE 29-04, STYLE 22 


MAXIMUM RATINGS TO-92 (TO-226AA) 


ey. ees fe [nie 
[Brain Source Vatage ——~—~S*dtCgg we 
[Disin-Gate Votage _————*dY Mpg |) 
a eee 

Cae 

Tima _| 








SY 3 Drain 






Gate-Source Voltage 
[Continuous Drain Current |p 
Pulsed Drain Current | ipm | 


Power Dissipation @ Tc = 25°C 
Derate above 25°C 








1 Source 








TMOS FET 


THERMAL CHARACTERISTICS TRANSISTOR 


Characteristic | Symbol _ 
Thermal Resistance, Junction to Ambient Raja 312.5 °C/W 


Maximum Lead Temperature for Soldering TL °C 
Purposes, se” from case for 10 seconds 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 






N-CHANNEL — ENHANCEMENT 


*This is a Motorola 
designated preferred device. 






Symbol | Min | Max | Unit 


STATIC CHARACTERISTICS 











Drain-Source Breakdown Voltage 


V(BR)DSS V 
(VGs = 0, Ip = 100 pA) 
Zero Gate Voltage Drain Current Ipss pA 
(Vps = 120 V, Ves = 0) 
(Vps = 120 V, Veg = 0, Ta = 125 °C) 
Gate-Body Leakage IGss +100 nA 
(Vps = 0, Vgsg = +15 V) 
Gate Threshold Voltage VGS\th) 
(Vps = VGs-. Ip = 1.0 mA) 
On-State Drain Current* 
(VGs = 10 V, Vps = 2.0 Vps(on)) 
Drain-Source On Resistance* 'DS(on) 
(VGs = 2.5 V, Ip = 0.1 A) 
(VGs = 10 V, Ip = 0.5 A) 
Forward Transconductance* Ofs 
(Vps = 10 V, Ip = 0.5 A) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
Reverse Transfer Capacitance 


SWITCHING CHARACTERISTICS 


Turn-Off Time 


* Pulse Test; Pulse width < 300 ws, Duty Cycle = 2% 















































Vps = 25 V, Vgs = 0 
f = 1.0 MHz 















Vpop = 60 V, Ip = 0.4A 
= 260 
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d 






1 


1 : CASE 29-04 CASE 51-02 





3 (TO-226AA) (DO-204AA) 2 
CASE 182-02 
(TO-226AC) 
D Ss 
1 
ee oa 
2 1 3 
CASE 318-07. CASE 318D-03 CASE 318E-04 
SOT-23 (TO-236AB) SC-59 SOT-223 (TO-261AA) 
: 
16 
, 1 
CASE 646-06 CASE 648-08 


Ss <3 Small-Signal Tuning 
CASE 751A-02 , CASE 751B-03 and Switching Diodes 


SO-14 SO-16 





Packaging options include plastic DIPs and surface mount 
packages. Most SOT-23, SC-59 and SOT-223 package devices 
are only available in Tape and Reel. 


NOTE: All SOT-23 package devices have had a “‘T1” suffix 
added to the device title. 


eS Tr re PSnsS UssSshSSPSPSShsh ssEsithsstSSaSsSSSS n ; 
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EMBOSSED TAPE AND REEL 


SOT-23, SC-59, SOT-223, SO-14 and SO-16 packages are available in Tape and Reel. Use the 
appropriate suffix indicated below to order any of the SOT-23, SC-59, SOT-223, SO-14 and SO- 16 
packages. (See Section 7 on Packaging for additional information). 


SOT-23: available in 8 mm Tape and Reel 
Use the device title (which already includes the “T1” suffix) to order the 7 inch/3000 unit reel.. 
Replace the “T1” suffix in the device title with a “T3” suffix to order the 13 inch/10,000 unit reel. 


SC-59: available in 8 mm Tape and Reel 
Use the device title (which already includes the “T1” suffix) to order the 7 inch/3000 unit reel. 
Replace the “T1” suffix in the device title with a “T3” suffix to order the 13 inch/10,000 unit reel. 


SOT-223: available in 12 mm Tape and Reel 
_ Use the device title (which already includes the “T1” suffix) to order the 7 inch/1000 unit reel. 
Replace the “T1” suffix in the device title with a “T3” suffix to order the 13 inch/4000 unit reei. 


SO-14: available in 16 mm Tape and Reel 
Add an “R1” suffix to the device title to order the 7 inch/500 unit reel. 
Add an “R2” suffix to the device title to order the 13 inch/2500 unit reel. 


— SO-16: available in 16 mm Tape and Reel 


Add an “R1” suffix to the device title to order the 7 inch/500 unit reel. 
Add an “R2” suffix to the device title to order the 13 inch/2500 unit reel. 


RADIAL TAPE REEL AND AMMO PACK 


TO-92 packages are available in both bulk shipments and in Radial Tape Reel and Ammo Packs. 
Radial Tape Reel and Ammo Pack are the best methods for capturing devices for automatic insertion in 
panes circuit boards. 


TO-92: available in 365 mm Radial Tape Reel 
Add an “RLR’” suffix and the appropriate Style code” to the device title to order the Radial 
Tape Reel. 
available in Ammo Pack (Fan Fold Box) 
Add an “RLR’” suffix and the appropriate Style code” to the device title to order the Ammo 
Pack box. 
“Refer to Section 7 on Packaging for Style code characters and additional information on ordering 
requirements. 


DEVICE MARKINGS/DATE CODE CHARACTERS 


SOT-23 and SC-59 packages have a device marking and a date code etched on the device. The 
generic example below depicts both the device marking and a representation of the date code that appears 
on the SC-59 and SOT-23 packages. 


ABCD 


The “D” represents a smaller alpha digit Date Code. The Date Code indicates the actual month in which the 
part was manufactured. 
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SILICON EPICAP DIODES 


1N5139,A 
thru 
1N5148,A 


. are designed for electronic tuning and harmonic-generation applications, 
and provide solid-state reliability to replace mechanical tuning methods. 


e Guaranteed High-Frequency Q 
Guaranteed Wide Tuning Range 
Guaranteed Temperature Coefficient 
Standard 10% Capacitance Tolerance 


Complete Typical Design Curves 


MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 
CASE 51-02 


(DO-204AA) 


RF Power Input* 


Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range —65 to +200 


*The RF power input rating assumes that an adequate heatsink is provided. 


6.8-47 pF EPICAP 
VOLTAGE-VARIABLE 
CAPACITANCE DIODES 


Device Dissipation @ Ta = 25°C 
Derate above 25°C 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 
Characteristic 
Reverse Breakdown Voltage (IR = 10 wAdc) 


Reverse Voltage Leakage Current (Vp = 55 Vdc, Ta = 25°C) 
(VR = 55 Vde, Ta = 150°C) 


Series Inductance (f = 250 MHz, L ~ 1/16”) 
Case Capacitance (f = 1.0 MHz, L = 1/16”) 
Diode Capacitance Temperature Coefficient (VR = 4.0 Vdc, f = 1.0 MHz) 


Cy, Diode Capacitance Q, Figure of Merit 
VR = 4.0 Vdc, f = 1.0 MHz Vr = 4.0 Vde, 
f = 50 MHz 


1N5139 
1N5139A 
1N5140 


1N5140A 


1N5141 
IN5141A 
1N5142 
1N5142A 


1N5143 
1N5143A 
1N5144 
1N5144A 


1N5145 
1N5145A 
1N5146 
1N5146A 


1N5147 
1N5147A 
1N5148 
1N5148A 
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1N5139,A thru 1N5148,A 


PARAMETER TEST METHODS 


. Lg, SERIES INDUCTANCE 

Lsis measured on a shorted package at 250 MHz using 
an impedance bridge (Boonton Radio Model 250A RX 
Meter). L = lead length. 


. Cc, CASE CAPACITANCE 

Cc is measured on an open package at 1.0 MHz using 
a capacitance bridge (Boonton Electronics Model 75A 
or equivalent). 


. Cy, DIODE CAPACITANCE . 

(Ct = Cc + Cy). CT is measured at 1.0 MHz using a 
capacitance bridge (Boonton Electronics Model 75A 
or equivalent). 


. TR, TUNING RATIO 
TR is the ratio of C7 measured at 4.0 Vdc divided by 
CT measured at 60 Vdc. 


. Q, FIGURE OF MERIT. 
Q is calculated by taking the G and C readings of an 
admittance bridge at the specified frequency and sub- 
stituting in the following equations: 

QO = 2rfC 


Gc 


FIGURE 1 — DIODE CAPACITANCE versus | 
REVERSE VOLTAGE 


Cr, DIODE CAPACITANCE (pF) . | 


1N5148 
1N5144 
1N5139 ‘| 





10 30 50 7.0 10 30 50 60 


Vp, REVERSE VOLTAGE (VOLTS) 


FIGURE 3 — NORMALIZED DIODE CAPACITANCE 
versus JUNCTION TEMPERATURE 


NORMALIZED DIODE CAPACITANCE 





+50 +75 +100 
Ty, JUNCTION TEMPERATURE (°C) 


(Boonton Electronics Model 33AS8). 


. a, DIODE CAPACITANCE REVERSE VOLTAGE SLOPE 


The diode capacitance, CT (as measured at VR = 4.0 
Vdc, f = 1.0 MHz) is compared to Cy (as measured at. 
VR = 60 Vdc, f = 1.0 MHz) by the following equation 
which defines a. 
_ log Cy(4) — log C7(60) 
log 60 — log 4 

Note that a C7 versus Vp law is assumed as shown in 
the following equation where Cc is included. 


. TCc, DIODE CAPACITANCE TEMPERATURE 


COEFFICIENT 


TCc is guaranteed by comparing CT at Vp = 4.0 Vdc, 
f = 1.0 MHz, Ta = —65°C with Cy at Vp = 4.0 Vdc, f 
= 1.0 MHz, Ta = +85°C in the following equation 


- which defines TCc: 


10000 


Q, FIGURE OF MERIT 


NORMALIZED Q, FIGURE OF MERIT (%) 


° = _ ° 6 
TC¢ = Cr(+85°C) — Cri se) | 10 


85 + 65 C7(25°C) 


FIGURE 2 — FIGURE OF MERIT versus REVERSE VOLTAGE 
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FIGURE 4 — NORMALIZED FIGURE OF MERIT 
versus JUNCTION TEMPERATURE 





+75 +85 


Ty, JUNCTION TEMPERATURE (°C) 
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Ip, REVERSE CURRENT (nA) 





1N5139,A thru 1N5148,A 





FIGURE 5 — REVERSE CURRENT versus REVERSE FIGURE 6 — FIGURE OF MERIT versus FREQUENCY 
BIAS VOLTAGE 
; gti 
1000 ee 
| ee: Fees ees 
2 ae ee a 
a zh, ea 
ie an ce 
1N5139 aN 
1N5144 : 
1N5148 
! 
Ve = 4 Vde 
100 
50 70 
Vp, REVERSE VOLTAGE (VOLTS) f, FREQUENCY (MHz) 
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SILICON EPICAP DIODES 


... epitaxial passivated abrupt junction tuning diodes designed for elec- 
tronic tuning, FM, AFC and harmonic-generation applications in AM through 
UHF ranges, providing solid-state reliability to replace mechanical tuning 
methods. = 

Excellent Q Factor at High Frequencies 


Guaranteed Capacitance Change — 2.0 to 30 V 


Guaranteed Temperature Coefficient 
| Capacitance Tolerance’ — 10% and 5.0% 
Complete Typical Design Curves » 


*MAXIMUM RATINGS | | 
Symbol Vawe [Unt 
J 













Device Dissipation @ Ta = 25°C 
| Derate above 25°C 


Operating Junction Temperature Range T. 


Storage Temperature Range 


*Indicates JEDEC Registered Data. 


400 mW 
2.67 mW/°C 
= 65 to +200 


Tst G 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 
Reverse Breakdown Voltage (IR = 10 »Adc) 


Reverse Voltage Leakage Current (VR = 25 Vdc, Ta = 25°C) 
(VR = 25 Vdc, Ta = 150°C) 


Series Inductance (f = 250 MHz, lead length ~ 1/16”) 
Cc 


Case Capacitance (f = 1.0 MHz, lead length ~ 1/16”) 


Diode Capacitance Temperature Coefficient 
(Note 6) (VR = 4.0 Vdc, f = 1.0 MHz) 


pF 
! Min 
(Nom — 10%) 
6.1 6.8 


1N5441A 
1N5443A 
1N5444A 


1N5445A 
1N5446A 
1N5448A 


1N5449A 
1N5450A 
IN5451A 
1N5452A 


1N5453A 
1N5455A 
1N5456A 


(1) To order devices with C7 Nom +5.0% add Suffix B. 
*Indicates JEDEC Registered Data. 


Cry, Diode Capacitance (1) 
VR = 4.0 Vde, f = 1.0 MHz 





TR, Tuning Ratio 


1N5441A, B 
thru 
1N5456A, B 


2 


CASE 51-02 
(DO-204AA) 


——P>| |-—_ 


1 


6.8-100 pF 
30 VOLTS 
VOLTAGE-VARIABLE 
CAPACITANCE DIODES 





Q, Figure of Merit 
VR = 4.0 Vde 
= 50 MHz 


C2/C39 
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1N5441A, B thru 1N5456A, B 


PARAMETER TEST METHODS 


. Ls, SERIES INDUCTANCE 


Ct, DIODE CAPACITANCE (pF) 


Ls is measured on a shorted package at 250 MHz using 
an impedance bridge (Boonton Radio Model 250A RX 
Meter or equivalent). 


. Cc, CASE CAPACITANCE 


Cc is measured on an open package at 1.0 MHz using 
a capacitance bridge (Boonton Electronics Model 75A 
Or equivalent). 


. Cy, DIODE CAPACITANCE 


(Cy = Cc + Cy). CT is measured at 1.0 MHz using a 
Capacitance bridge (Boonton Electronics Model 75A 
or equivalent). 


. TR, TUNING RATIO 


TR is the ratio of CT measured at 2.0 Vdc divided by 
C+ measured at 30 Vdc. 


5. Q, FIGURE OF MERIT 


Q is calculated by taking the G and C readings of an 
admittance bridge at the specified frequency and sub- 
stituting in the following equations: 

_ 2nfC 

— G 


(Boonton Electronics Model 33AS8 or equivalent). 


. TCc, DIODE CAPACITANCE TEMPERATURE 


COEFFICIENT 
TCc is guaranteed by comparing C7 at Vp = 4.0 Vdc, 
f = 1.0 MHz, Ta = —65°C with CT at Vp = 4.0 Vdc, f 
= 1.0 MHz, Ta = +86°C in the following equation, 
which defines TCc: 
Cy(+85°C) — Cr(—65°C)| 106 

85 + 65 C7(25°C) 
Accuracy limited by CT measurement to +0.1 pF. 


TCe = 


FIGURE 1 — NORMALIZED DIODE CAPACITANCE 
versus JUNCTION TEMPERATURE 


NORMALIZED DIODE CAPACITANCE 
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Ty, JUNCTION TEMPERATURE (°C) 


TYPICAL DEVICE PERFORMANCE 


FIGURE 2 — DIODE CAPACITANCE versus REVERSE VOLTAGE 
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Vr, REVERSE VOLTAGE (VOLTS) 
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1N5441A, B thru 1N5456A, B 


FIGURE 4 — FIGURE OF MERIT versus FREQUENCY 


FIGURE 3 — FIGURE OF MERIT versus REVERSE VOLTAGE 
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f, FREQUENCY (MHz) 


Va, REVERSE VOLTAGE (VOLTS) 


FIGURE 5 — REVERSE CURRENT versus REVERSE 


FIGURE 6 — FORWARD VOLTAGE versus 


FORWARD CURRENT 


BIAS VOLTAGE 
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tf, FORWARD CURRENT (mA) 


Vr, REVERSE VOLTAGE (VOLTS) 
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MAXIMUM RATINGS 


Continuous Reverse Voltage Vdc 


THERMAL CHARACTERISTICS 










BAL9SLT1* 


CASE 318-07, STYLE 18 
SOT-23 (TO-236AB) 





Total Device Dissipation FR-5 Board,* 
Ta = 25°C 
Derate above 25°C 


[4 


Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 


Derate above 25°C Cathode 


2 


2.4 





*FR-5 = 1.0 x 0.75 x 0.062 in. 


**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. SWITCHING DIODE 


DEVICE MARKING *This is a Motorola 
designated preferred device. 
BALSSLT1 = JF 











ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


Characteristic 









OFF CHARACTERISTICS 







Reverse Voltage Leakage Current 
(VR = 70 V) 
= 25V, Ty = 150°C) 






Woll 


70 V, Ty = 150°C) 


Reverse Breakdown Voltage 
(IR = 100 pA) 


Forward Voltage 
















(ig = 1.0 mA) 
(Ip = 10 mA) 
(IF = 50 mA) 
(IF = 150 mA) 






Recovery Current 
(IF = 10 mA, VR = 5.0 V, RL = 500 2) 


Diode Capacitance 
(VR = 0, f = 1.0 MHz) 


Reverse Recovery Time 
(i-F = IR = 10 mA, RL = 100 ©, measured at IR = 1.0 mA) 


Forward Recovery Voltage VER 
(lp = 10 mA, ty = 20 ns) 




















MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


«8-9 





MAXIMUM RATINGS 


[CRating ———S*d;CSymbot | Value [Unie | 
Peak Forward Surge Current ‘lemisurge)| 500 | mA 









BAS16LT1* 


CASE 318-07, STYLE 8 
SOT-23 (TO-236AB) © 









THERMAL CHARACTERISTICS 


Symbol [Max [Unit 


Total Device Dissipation FR-5 Board,* 225 mw 
1.8 mW/°C 


Ta = 25°C 

Derate above 25°C | 
Thermal Resistance Junction to Ambient RgJA | 556 =| ecw CO 
Total Device Dissipation 300 mW 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 2.4 mW/°C 
Thermal Resistance Junction to Ambient ReJA °C/W 
Junction and Storage Temperature —55 to +150 


*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0:4 x 0.3 x 0.024 in. 99.5% alumina. SWITCHING DIODE 


DEVICE MARKING 
BASI6LT1 = AG 














Cathode 


*This is a Motoroia 
designated preferred device. 











ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 
- Characteristic 
OFF CHARACTERISTICS 


Reverse Voltage Leakage Current 
(VR = 75 V) 
(VR = 75 V, Ty = 150°C) 
(VR = 25 V, Ty = 150°C) 


Reverse Breakdown Voltage 
(IBR = 100 A) 
Forward Voltage 
(ig = 1.0 mA) 
(le = 10 mA) 
(I— = 50 mA) 
(ip = 100 mA) 


Reverse Recovery Time 
(IF = IR = 10 mA, Ry = 50 Q) 


Stored Charge 
(IF = 10 mA to Vp = 5.0 V, Rr = 500 2) 





820 2 


+10 V 











; i =1.0 mA 
50 2 Output RIBEC) 


Pulse 
Generator 


50 2 Input 
Sampling 
Oscilloscope 







INPUT SIGNAL OUTPUT PULSE 
(IF = IR = 10 mA; measured 
at iR(REC) = 1.0 mA) 


Notes: 1. A 2.0 k© variable resistor adjusted for a Forward Current (if) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. to »t 
p” “r 
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MAXIMUM RATINGS 






Rating 


Continuous Reverse Voltage 
Peak Forward Current 
IFM(surge) 


Peak Forward Surge Current 







BAS21LT1* 


CASE 318-07, STYLE 8 
THERMAL CHARACTERISTICS SOT-23 (TO)-236AB) 


Characteristic 


Total Device Dissipation FR-5 Board,* 
TA = 25°C 
Derate above 25°C 


Thermal Resistance Junction to Ambient 


Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 


2.4 
Thermal Resistance Junction to Ambient R@JA °C/W 
Junction and Storage Temperature ~55 to +150 


*FR-5 = 1.0 x 0.75 x 0.062 in. SWITCHING DIODE 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


DEVICE MARKING *This is a Motorola 
designated preferred device. 
BAS21LT1 = JS 










7 









3 O——_}¢——_-0 1 


Cathode Anode 











ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbol | Min | Max | Unit 
OFF CHARACTERISTICS 


Reverse Voltage Leakage Current pA 
(VR = 200 V) 0.1 | 
(VR = 200 V, Ty = 150°C) 100 

Reverse Breakdown Voltage V(BR) 250 V 
(igR = 100 pA) 











Forward Voitage VF mV 
(lp = 100 mA) 1000 . 
(l— = 200 mA) 1250 

Diode Capacitance Cp pF 
(VR = 0, f = 1.0 MHz) 

Reverse Recovery Time 
(lp = IR = 30 mA, Ry = 100 2) 





FIGURE 1 — Recovery Time Equivalent Test Circuit 


820 2 


+10 V 












IR(REC) = 3.0 mA 









50 (2 Output 2 Q De 
Pulse amplin V 
Generator Gece one i INPUT SIGNAL OUTPUT PULSE 
(l—F = IR = 30 mA; measured 
= — at iR(REC)= 3.0 mA) 


Notes: 1. A 2.0 kQ variable resistor adjusted for a Forward Current (IF) of 30 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 30 mA. 
3. tp » trr 
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MAXIMUM RATINGS 


[Rating dS ymbor [Vatue 












BAV7OLT1* | 


CASE 318-07, STYLE 9 
SOT-23 (TO-236AB) _ 





THERMAL CHARACTERISTICS 


Characteristic 


Total Device Dissipation FR-5 Board,* 
Ta = 26°C 
Derate above 25°C 


Thermal Resistance Junction to Ambient | Raja | 556 «| °C/W 


Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C mWwW/C 


2.4 
Thermal Resistance Junction to Ambient Raga °C/W 
Junction and Storage Temperature ~55 to + 150 


*FR-5 = 1.0 x 0.75 x 0.062 in. 
| **Ajumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. SWITCHING DIODE 


DEVICE MARKING * This is a Motorola 
BAV70LT1 = A4 designated preferred device. 






\F 











Anode 


1 
3 
Cathode 2 


Anode 











ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 

Reverse Breakdown Voltage V(BR) >70 ‘Vde 
(I(BR) = 100 ~Adc) 

R 


everse Voltage Leakage Current pAdc 
(VR = 25 Vde, Ty = 150°C) _ 60 
(VR = 70 Vdc) 5.0 
(VR = 70 Vdc, Ty = 150°C) 100 
Cp pF 


Diode Capacitance 1.5 
(VR = 0, f = 1.0 MHz) 


Forward Voltage 































(I—F = 1.0 mAdc) 
(l—F = 10 mAdc) 
(l— = 50 mAdc) 


tof 


(IF = 150 mA) 


Reverse Recovery Time 
(IF = IR = 10 mAdc, VR = 5.0 Vdc, IR(REC) = 1.0 mAdc) (Figure 1) 


















820 2 


+10 V 


IR(REC)=1.0 mA 


50 () Output 50 © Input 











Pulse Samplin V 
Generator @ecillsecope R-INPUT SIGNAL OUTPUT PULSE 
(IF = IR = 10 mA; measured 
ae 7 at iR(REC) = 1.0 mA) 


Notes: 1. A 2.0 kQ variable resistor adjusted for a Forward Current (IF) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. tp » ter 
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MAXIMUM RATINGS 


Forward Current BAV74LT1 


Peak Forward Surge Current CASE 318-07. STYLE 9 
THERMAL CHARACTERISTICS SOT-23 (TO-236AB) 


Characteristic 


Total Device Dissipation FR-5 Board,* 
Ta = 25°C 
Derate above 25°C 


Thermal Resistance Junction to Ambient 


Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 


2.4 
Thermal Resistance Junction to Ambient Re@JA 
Junction and Storage Temperature —55 to + 150 a © 


*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. SWITCHING DIODE 










o 


1 
3 
Cathode 2 
















Anode 


ak 





DEVICE MARKING 
BAV74LT1 = JA 








ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
Characteristic 


OFF CHARACTERISTICS 





Reverse Breakdown Voltage 
(l(BR) = 5.0 wAdc) 


Reverse Voltage Leakage Current 
(VR = 50 Vde, Ty = 125°C) 
(VR = 50 Vdc) 


Diode Capacitance Cp 
(VR = 0, f = 1.0 MHz) 
Forward Voltage VF 
(ie = 100 mAdc) 


Reverse Recovery Time trr 
(IF = IR = 10 mAdc, iR(REC) = 1.0 mAdc, measured at IR = 1.0 mA, RL = 100 2) 













oil 
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MAXIMUM RATINGS 


Symbol 
Reverse Voltage | VR | 


BAV9SLT1* 


CASE 318-07, STYLE 11 
SOT-23 (TO-236AB) 







oe a 


Total Device Dissipation FR-5 Board,* 
Ta = 25°C 2 
Derate above 25°C 






Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 


Thermal Resistance Junction to Ambient R@JA °C/ 
Junction and Storage Temperature —55 to +150 - 


*FR-5 = 1.0 x 0.75 x 0.062 in. 
** tei te , 5 DUAL SERIES 
Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. SWITCHING DIODE 


*This is a Motorola 
designated preferred device. 


Cathode 


1 ee Ps 2 
3 
Cathode/Anode 








DEVICE MARKING 
BAV99LT1 = A7 











ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 

| Characteristic | {| Symbot_ | Min | Max | Unit _| 
OFF CHARACTERISTICS | 
Reverse Breakdown Voltage (I(BR) = 100 »A) 


Reverse Voltage Leakage Current (Vp = 70 Vdc) 
(VR = 25 Vde, Ty 
(VR = 70 Vde, Ty 








Diode Capacitance 
(VR = 0, f = 1.0 MHz) 


Forward Voltage (if = 1.0 mAdc) 
(IE = 10 mAdc) 
(ip = 50 mAdc) 
(Ip = 150 mAdc) 


Reverse Recovery Time (if = IR = 10 mAdc, in(REC) = 1.0 mAdc) (Figure 1) trr 
Forward Recovery Voltage (I-F = 10 mA, tr = 20 ns) 





FIGURE 1 — Recovery Time Equivalent Test Circuit 


820 


+10 V 










IR(REC)=1.0 mA 













50 2 Output 50 2 Input : 
Pulse Sampling VR 
Generator Oscilloscope INPUT SIGNAL OUTPUT PULSE 
(I—F = IR = 10 mA; measured 
— oo at iR(REC) = 1.0 mA) 


Notes: 1. A 2.0 kQ variable resistor adjusted for a Forward Current (IF) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. tp » t 
p” “r 
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MAXIMUM RATINGS 
P_—Rating YY Symbot [ Value Une 
[Peak Forward Suge Currant | aweugay | 800 | made 


THERMAL CHARACTERISTICS 


Characteristic 


Total Device Dissipation FR-5 Board,* 
TA = 25°C 
Derate above 25°C 1.8 mWw/°C 


Thermal Resistance Junction to Ambient 


Total Device Dissipation 
Aiumina Substrate,** Ta = 25°C 
Derate above 25°C 


2.4 
Thermal Resistance Junction to Ambient R@JA 
Junction and Storage Temperature —55 to +150 


*FR-5 = 1.0 x 0.75 x 0.062 in. DUAL 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. SWITCHING DIODE 


DEVICE MARKING *This is a Motorola 
BAWS56LT1 = Al designated preferred device. 
















BAW56LT1* 


CASE 318-07, STYLE 12 
SOT-23 (TO-236AB) 


7 







Cathode 


Anode 1 
3 
2 


Cathode 
















ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 





OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(\(BR) = 100 wAdc) 


Reverse Voltage Leakage Current 
(VR = 25 Vdc, Ty = 150°C) 
(VR = 70 Vdc) 

(VR = 70 Vde, Ty = 150°C) 


Diode Capacitance 
(VR = 0, f = 1.0 MHz) 


Forward Voltage 
(IF = 1.0 mAdc) 
(I—F = 10 mAdc) 
(I— = 50 mAdc) 
(ip = 150 mA) 


Reverse Recovery Time 
(IF = IR = 10 mAdc, IR(REC) = 1.0 mAdc) (Figure 1) 





820 2) 


+10 V 














IR(REC)=1.0 mA 


| 50 Output 50 © Input 







Pulse Sampling VR 
Generator Oscilloscope INPUT SIGNAL OUTPUT PULSE 
(le = IR = 10 mA; measured 
on at iR(REC) = 1.0 mA) 


Notes: 1. A 2.0 kQ variable resistor adjusted for a Forward Current (IF) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. tp >t 
p” Ur 
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MAXIMUM RATINGS ( (Ta = 25°C) 


Reverse Voltage Met 
Peak Reverse Voltage —— 









Value 








Peak Forward Current 
Peak Forward sue’ Current == 


"t= 1 SEC 
THERMAL CHARACTERISTICS 


Junction Temperature = ae 
Storage Temperature 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


Reverse Voltage Leakage Current 
Forward Voltage 


Reverse Breakdown Voltage 
Diode Capacitance 






Symbol 






—~55 ~ + 150 


VR=35V 
F=100mA 


R= 100 pA 
VR=0,f=1MHz 


M1IMA151AT1* 


CASE 318D-03, STYLE 4 


ANODE 
3° 


2 
CATHODE NO CONNECTION © 


SC-59 PACKAGE 
SINGLE SILICON 
SWITCHING DIODE 
SURFACE MOUNT 






*This is a Motorola 
designated preferred device. 





Iz = 10 MA, VR =6V, 





Rovelse Recovery Time 


"try Test Circuit 


RECOVERY TIME EQUIVALENT TEST CIRCUIT 





DEVICE MARKING 


Marking Symbol 


Ry. = 100 Q, Irp = 0.1 IR 


OUTPUT PULSE 





y= 0.35 ns 





The “X” represents a smaller alpha digit Date Code. The Date Code 
indicates the actual month in which the part was manufactured. 
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M1MA151KT1* 


CASE 318D-03, STYLE 2 


MAXIMUM RATINGS (Ta = 25°C) CATHODE 
3 












Peak Forward Surge Current oan 


‘t= 1SEC 


a 
ca 


ANODE NO CONNECTION 


SC-59 PACKAGE 
SINGLE SILICON 
SWITCHING DIODE 
SURFACE MOUNT 





THERMAL CHARACTERISTICS 









Power Mase asa | 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


Reverse Voltage Leakage Current VR=35V 
Forward Voltage IF = 100 mA 


Sneteore! es 
a fe eS 


*This is a Motorola 
designated preferred device. 













Diode Capacitance VR =0,f=1 MHz 


Reverse Recovery Time lp = 10 mA, VR =6V, 


Re = 100 Q, Irr = 0.1 IR 
“try Test Circuit 






RECOVERY TIME EQUIVALENT TEST CIRCUIT INPUT PULSE OUTPUT PULSE 





DEVICE MARKING 







Marking Symbol 






The “X” represents a smaller alpha digit Date Code. The Date Code 
indicates the actual month in which the part was manufactured. 
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. “t= 1SEC 





MAXIMUM RATINGS (Ty=25'0) M1MA151WAT1* 


Forward Current 


CASE 318D-03, STYLE 5 


Peak Forward Current 


Peak Forward Surge Current Single | | IFSm 


2 
CATHODE 


_ THERMAL CHARACTERISTICS SC-59 PACKAGE 


Sai COMMON ANODE ~ 
DUAL SWITCHING DIODE 





SURFACE MOUNT 
*This is a Motorola 
Storage Temperature designated preferred device. 


Characteristic . 


Reverse Recovery Time IF =10 mA, VR =6V, 
Ri = 100 Q, lrr = 0;1 IR 


“try Test Circuit 





RECOVERY TIME EQUIVALENT TEST CIRCUIT INPUT PULSE OUTPUT RULSE 





IF =10mA 
VR=6V 
Ry = 100 Q 





DEVICE MARKING 


Marking Symbol 





The “X” represents a smaller alpha digit Date Code. The Date Code 
indicates the actual month in which the part was manufactured. 
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MAXIMUM RATINGS (Ta = 25°C) M1MA151WKT1* 


CASE 318D-03, STYLE 3 


CATHODE 


3 
Forward Current 


Peak Forward Current 


Peak Forward Surge Current Single lFSmM* z 
~ ANODE 


SC-59 PACKAGE | 
COMMON CATHODE 
DUAL SWITCHING DIODE 
SURFACE MOUNT 





"t= 1 SEC 
THERMAL CHARACTERISTICS 


| Rating 
Kc A HA 
ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


ee 
ae ee ee 










*This is a Motorola 
designated preferred device. 

















Diode Capacitance fe 0, f= 1 MHz 


Reverse Recovery Time l—F = 10 mA, VR =6V, 


Ru = 100 Q, ler = 0.1 IR 
“try Test Circuit 


RECOVERY TIME EQUIVALENT TEST CIRCUIT INPUT PULSE OUTPUT PULSE 





DEVICE MARKING 


Marking Symbol 


The “X” represents a smaller alpha digit Date Code. The Date Code 
indicates the actual month in which the part was manufactured. 
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MAXIMUM RATINGS (@ 25°C Free-Air Temperature unless otherwise noted.) 


Peak Reverse Voltage(1) 
Steady-State Reverse 
A 






MAD130P* 
MAD1103P* 
MAD1107P* 
MAD1108P* 


25 






Voltage 


Peak Forward Current at lIEM 
(or below) 25°C Free-Air 
Temperature(1) 


Continuous Forward 









Current. at (or below) MAD1108P 


25°C Free-Air CASE 648-08 





Temperature(2) 


Continuous Power | 
Dissipation at (or below) 
25°C Free-Air 
Temperature(3) 










MAD130P 
MAD1103P, MAD1107P = ,,4 
CASE 646-06 







Operating Free-Air us —65 to +125 


Temperature Range 


Storage Temperature _ Tstg —65 to +150 


MONOLITHIC DIODE ARRAYS 
Range 






Lead Temperature 1/16” 
from Case for 10 — 
Seconds 
NOTES: 
1. These values apply for PW < 100 ys, duty cycle < 20%. 
2. Derate linearity to + 125°C temperature at rate of 3.2 mA/°C. 
3. Derate linearity to + 125°C temperature at rate of 6.0 mW/C. 


PACKAGE OPTIONS 


Pin 
Connection 
Ref. No. Case 
646-06 


MAD130P MAD1107P 

Dual 10-Diode Array Dual 8-Diode Array 
MAD1103P 646-06 MAD1108P 

Dual 8-Diode Array ‘i 8-Diode Array 


| | PIN CONNECTION DIAGRAMS 


* These are Motorola 
designated preferred devices. 














Pin 
Connection 












1 


8-Diode Array Dual 8-Diode Array 
16-Pin Package 14-Pin Package 


JYOOOE® 
Gs) Oe OO® *Pins 6,13 = NC 


Case 648 Case 646 





3 4 


Dual 10-Diode Array Dual 8-Diode Array 
14-Pin Package 14-Pin Package 


*Pins 4,6, 10, 13 = NC 
Case 646 
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MAD130P, MAD1103P, MAD1107P, MAD1108P 


ELECTRICAL CHARACTERISTICS (@ 25°C Free-Air Temperature) 


Characteristic 


Reverse Breakdown Voltage(1) 
(IR = 10 pA) MAD130 
MAD1103/1107/1108 


Static Reverse Current 


(VR = 40 V) 


Static Forward Voltage 
(IF = 100 mA) 
(I—F = 500 mA)(2) 


Peak Forward Voltage(3) 
(I— = 500 mA) 





SWITCHING CHARACTERISTICS (@ 25°C Free-Air Temperature) 










Forward Recovery Time, Figure 3 i ed 
(l—E = 500 mA) 

pp ab et 

(ig = 200 mA, IR) = 200 mA, RL = 100 Q, irr = 20 mA) | Others | 10.0 | 

NOTES: 


1. This parameter must be measured using pulse techniques. PW = 100 us, duty cycle < 20%. 
2. This parameter is measured using pulse techniques. PW = 300 us, duty cycle < 2.0%. Read time is 90 us from the leading edge of the 


pulse. 
3. The initial instantaneous value is measured using pulse techniques. PW = 150 ns, duty cycle < 2.0%, pulse rise time < 10 ns. The 


total capacitance shunting the diode is 19 pF maximum and the equipment bandwidth is 80 MHz. 












Reverse Recovery Time, Figure 2 





FIGURE 1 — TYPICAL CHARACTERISTICS FIGURE 2 — FORWARD RECOVERY TIME AND PEAK FORWARD 
STATIC FORWARD VOLTAGE VOLTAGE TEST CIRCUIT AND WAVEFORMS 


i 
Adjust for 
lp = 500 mAdc 


TPin TPout 





tp<4.5 ns 
DUT = Ry, > 1.0 MO 
Cin < 5.0 pF 


tp< 15 ns 
Duty Cycle < 2.0% 
PW = 150 ns 


ip, FORWARD CURRENT (mA) 


ey 
| Cae ER AS a a ie ea 


0.204 06 08 10 1.2 14 1, 
Ve, FORWARD VOLTAGE (VOLTS) 


[o>] 


1.8 
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MAD130P, MAD1103P, MAD1107P, MAD1108P 


FIGURE 3 — REVERSE RECOVERY TIME TEST CIRCUIT AND WAVEFORMS 


TL. TPin TPout 
° k 


Adjust amplitude for tp <0.4ns 
ig = 200 mAdc to 500 mAdc Rin = 50 ohms 
Input Pulse Adjust for Ip = Ip 


tf<1.0ns 

Duty Cycle < 1.0% 
PW = 200 ns 

Zout = 50 ohms 
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[Rating [Symbol 
Peak Reverse Voltage(1) 


Steady-State Reverse VR 
Voltage 


Peak Forward Current at 
(or below) 25°C Free-Air 
Temperature(1) 


MAD1109P* 


















Continuous Forward 
Current at (or below) 
25°C Free-Air 

Temperature(2) 


14 
1 















Continuous Power 
Dissipation at (or below) 
25°C Free-Air 
Temperature(3) 






PLASTIC 
CASE 646-06 
TO-116 


Operating Free-Air 
Temperature Range 


Storage Temperature Tstg iz °C 
Lead Temperature 1/16” °C 
from Case for 10 
Seconds 


NOTES: 
1. These values apply for PW < 100 us, duty cycle < 20%. 
2. Derate linearity to + 125°C temperature at rate of 3.2 mA/°C. PIN CONNECTION DIAGRAM 
3. Derate linearity to + 125°C temperature at rate of 6.0 mW/°C. 


MONOLITHIC DIODE ARRAY 


*This is a Motorola 
designated preferred device. 








ELECTRICAL CHARACTERISTICS (@ 25°C Free-Air Temperature) 


Characteristic 


Reverse Breakdown Voltage(4) (IR = 10 uA) 
Static Reverse Current (VR = 40 V) | IR | 


Static Forward Voltage (Ip = 100 mA) VE | Vdc 
(I—F = 500 mA)(5) 
Peak Forward Voltage(6) (If = 500 mA) 


SWITCHING CHARACTERISTICS (@ 25°C Free-Air Temperature) 


Characteristic 


Forward Recovery Time, Figure 3. (If = 500 mA) 















Reverse Recovery Time, Figure 2 
(IF = 200 mA, IRMA = 200 mA, Ry = 100 O, irs = 20 mA) 





NOTES: 
4. This parameter must be measured using pulse techniques. PW = 100 us, duty cycle < 20%. 
5. This parameter is measured using pulse techniques. PW = 300 us, duty cycle < 2.0%. Read time is 90 us from the leading edge of the 
pulse. 
6. The initial instantaneous value is measured using pulse techniques. PW = 150 ns, duty cycle < 2.0%, pulse rise time < 10 ns. The 
total capacitance shunting the diode is 19 pF maximum and the equipment bandwidth is 80 MHz. 
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lc, FORWARD CURRENT (mA) 


MAD1109P 


1000 








ADJUST FOR 


100 lp = 500 mAdc | 


TPin 





10 tp < 15 ns 
DUTY CYCLE = 2% 
PW = 150 ns 
1 
Oe ea 
0.2 04 06 08 1 °#12 14 16 18 
~ Ve, FORWARD VOLTAGE (VOLTS) 
Figure 1. Typical Characteristics Figure 2. Forward Recovery Time and Peak Forward 
Static Forward Voltage Voltage Test Circuit and Waveforms 


SCOPE 


TPout 
0mA 


1.2 mH tr <04ns In 
Rin = 50 OHMS 


Tpin 0.05 uF 





aie 
ADJUST AMPLITUDE FOR 

Ip = 200 mAdc To 500 mAdc 6k 
INPUT PULSE 


tf < Ins 

DUTY CYCLE = 1% 
PW = 200 ns 
Zout = 50 OHMS 


0.001 paF . 


— try 


ADJUST FOR Ip = Ig 


Figure 3. Reverse Recovery Time Test Circuit and Waveforms 
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SILICON HOT-CARRIER DIODE 
(SCHOTTKY BARRIER DIODE) MBD101* 


... designed primarily for UHF mixer applications but suitable also for use MMBDI101 LT1* 
in detector and ultra-fast switching circuits. Supplied in an inexpensive plas- 
tic package for low-cost, high-volume consumer requirements. Also avail- 


able in Surface Mount package. CASE 182-02. STYLE 1 
@ The Rugged Schottky Barrier Construction Provides Stable Characteristics (TO-226AC) 
by Eliminating the ‘‘Cat-Whisker’’ Contact 
@ Low Noise Figure — 6.0 dB Typ @ 1.0 GHz 2 O——_}¢——_-0 1 1 





@ Very Low Capacitance — Less Than 1.0 pF @ Zero Volts cathode node 2 


@ High Forward Conductance — 0.5 Volts (Typ) @ IF = 10 mA 


MAXIMUM RATINGS 


3 
CASE 318-07, STYLE 8 SS 
1 “ad 
2 


SOT-23 (TO-236AB) 












MBD101| MMBD101LT1 


Value 





Reverse Voltage 


Forward Power Dissipation 
@ Ta = 25°C 280 mW 
Derate above 25°C 2.8 mW/°C 


Junction Temperature 
Tstq —55 to +150 eG 
Eee *These are Motorola 


Storage Temperature Range 
DEVICE MARKING designated preferred devices. 
MMBD101LT1 = 4M 







3 O——_¢———-0 1 
Cathode Anode 








SILICON HOT-CARRIER 
UHF MIXER DIODES 











ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted) 
Characteristic 





MMBD101LT1 is also available in bulk packaging. Use MMBD101L as the device title to order this device in bulk. 
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IR, REVERSE LEAKAGE (2A) 


C, CAPACITANCE (pF) 


0.05 





MBD101, MMBD101LT1 


TYPICAL CHARACTERISTICS . 
(Ta = 25°C unless noted) — 


FIGURE 1 — REVERSE LEAKAGE FIGURE 2 — FORWARD VOLTAGE 
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FIGURE 3 — CAPACITANCE FIGURE 4 — NOISE FIGURE 


LOCAL OSCILLATOR FREQUENCY = 1.0 GHz 
(Test circuit Figure 5) 


mal 


B 


3.0 
pole ICE cee 
ioL_| LTT TT VE Tr TTT 


0 1.0 2.0 3.0 40 0.1 0.2 0.5 1.0 2.0 5.0 10 
Vp, REVERSE VOLTAGE (VOLTS) PLo, LOCAL OSCILLATOR POWER (mW) 


NE, NOISE FIGURE (dB) 
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FIGURE 5 — NOISE FIGURE TEST CIRCUIT 







LOCAL 


OSCILLATOR NOTES ON TESTING AND SPECIFICATIONS 


Note 1 — Cc and CT are measured using a capacitance bridge 
(Boonton Electronics Model 75A or equivalent). 

Note 2 — Noise figure measured with diode under test in tuned 
diode mount using UHF noise source and local oscil- 
lator (LO) frequency of 1.0 GHz. The LO power is 
adjusted for 1.0 mW. IF amplifier NF = 1.5 dB, f = 30 
MHz, see Figure 5. 

Note 3 — Ls is measured on a package having a short instead 
of a die, using an impedance bridge (Boonton Radio 
Model 250A RX Meter). 













DIODE IN 
TUNED 
MOUNT 


UHF 
NOISE SOURCE 
H.P. 349A 











NOISE 
FIGURE METER 
H.P. 342A 


IF AMPLIFIER 
NF = 1.5 dB 
f = 30 MHz 
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SILICON HOT-CARRIER DIODE 
(SCHOTTKY BARRIER DIODE) 


... designed primarily for high-efficiency UHF and VHF detector applica- 
tions. Readily adaptable to many other fast switching RF and digital applica- 
tions. Supplied in an inexpensive plastic package for low-cost, high-volume 
consumer and industrial/commercial requirements. Also available in Surface 
Mount package. 


@ The Schottky Barrier Construction Provides Ultra-Stable Characteristics By 
Eliminating the ‘’Cat-Whisker” or “’S-Bend”’ Contact 


e@ Extremely Low Minority Carrier Lifetime — 15 ps (Typ) 
@ Very Low Capacitance — 1.5 pF (Max) @ Vp = 15 V 
@ Low Reverse Leakage — IR = 13 nAdc (Typ) MBD301, MMBD301 


MAXIMUM RATINGS (T) = 125°C unless otherwise noted) 


MBD301| MMBD301LT1 | —_—si| 
Symbol] Value | ‘Unit | 
Reverse Voltage V 30 Volts 


Forward Power Dissipation Pe 
@ Ta = 25°C 280 200 mW 
Derate above 25°C 2.8 2.0 mW/°C 
Operating Junction 65 to +125 C 
Temperature Range 
Storage Temperature Range —55 to +150 
DEVICE MARKING 
MMBD301LT1 = 4T 























ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 
Characteristic 





Total Capacitance, Figure 1 
(VR = 15 Volts, f = 1.0 MHz) 


Minority Carrier Lifetime, Figure 2 
(lp = 5.0 mA, Krakauer Method) 


Reverse Leakage, Figure 3 
(VR = 25 V) 


Forward Voltage, Figure 4 
(I— = 10 mAdc) 








EEE 


MBD301* 
MMBD301LT1* 


CASE 182-02, STYLE 1 
(TO-226AC) 


5 Gs acle-6 4 
Cathode Anode 9 


% 
4 
3 O—_}¢——-0 1 


Cathode Anode 


30 VOLTS 
SILICON HOT-CARRIER 
DETECTOR AND SWITCHING 
DIODES 


*These are Motorola 
designated preferred devices. 


CASE 318-07, STYLE 8 
SOT-23 (TO-236AB) 















MMBD301LT1 is also available in bulk packaging. Use MMBD301L as the device title to order this device in bulk. 
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MBD301, MMBD301LT1 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 2 — MINORITY. CARRIER LIFETIME 


_ FIGURE 1 — TOTAL CAPACITANCE 
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. Vag, REVERSE VOLTAGE (VOLTS) 


FIGURE 3 — REVERSE LEAKAGE 


FIGURE 4 — FORWARD VOLTAGE 
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» 
tne 


FORWARD VOLTAGE (VOLTS) 


Ve, 


Vr, REVERSE VOLTAGE (VOLTS) 


KRAKAUER METHOD OF MEASURING LIFETIME 


CAPACITIVE 
CONDUCTION 
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pe 
n 





FORWARD 
CONDUCTION 
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a 
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ae 
oO 


NETWORK 


SINUSOIDAL 
GENERATOR 
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SILICON HOT-CARRIER DIODE 
(SCHOTTKY BARRIER DIODE) 


... designed primarily for high-efficiency UHF and VHF detector applica- 
tions. Readily adaptable to many other fast switching RF and digital 
applications. Supplied in an inexpensive plastic package for low-cost, high- 
volume consumer and industrial/commercial requirements. Also available in 
Surface Mount package. 


@ The Schottky Barrier Construction Provides Ultra-Stable Characteristics by 
Eliminating the ‘’‘Cat-Whisker” or ‘’S-Bend’’ Contact 


@ Extremely Low Minority Carrier Lifetime — 15 ps (Typ) 
@ Very Low Capacitance — 1.0 pF @ VR = 20 V 

@ High Reverse Voltage — to 70 Volts 

@ Low Reverse Leakage — 200 nA (Max) 


MAXIMUM RATINGS (Ty = 125°C unless otherwise noted) 










Rating 


Reverse Voltage MBD701 











Forward Power Dissipation 
@ Ta = 25°C 


PF 
280 
Derate above 25°C 2.8 
Operating Junction Ty = 
Temperature Range a eb tO al28 
Storage Temperature Range —55 to +150 


DEVICE MARKING 
MMBD701LT1 = 5H 








ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 
Characteristic 


Total Capacitance, Figure 1 
(VR = 20 Volts, f = 1.0 MHz) 


Minority Carrier Lifetime, Figure 2 
(IF = 5.0 mA, Krakauer Method) 





MBD701* 
MMBD701LT1* 


CASE 182-02, STYLE 1 
(TO-226AC) 


2 O——_+¢——-O 1 
Cathode Anode 1 
2 


CASE 318-07, STYLE 8 
SOT-23 (TO-236AB) 


3 O——_}¢—_-0 1 
Cathode Anode 
70 VOLTS 
HIGH-VOLTAGE 
SILICON HOT-CARRIER 
DETECTOR AND SWITCHING 
DIODES 


These are Motorola 
designated preferred devices. 





MMBD701LT1 is also available in bulk packaging. Use MMBD701L as the device title to order this device in bulk. 
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FIGURE 2 — MINORITY CARRIER LIFETIME 


MBD701, MMBD701LT1 
TYPICAL ELECTRICAL CHARACTERISTICS. 


FIGURE 1 — TOTAL CAPACITANCE 
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PLING 


OSCILLISCOPE 
(50 2 INPUT) 


FORWARD VOLTAGE (VOLTS) 
STORAGE 
CONDUCTION 
SAM 


tp, FORWARD CURRENT (mA) 


FIGURE 4 — FORWARD VOLTAGE 
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KRAKAUER METHOD OF MEASURING LIFETIME 
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SINUSOIDAL 


Va, REVERSE VOLTAGE (VOLTS) 
GENERATOR 





5 
' VR, REVERSE VOLTAGE (VOLTS) 


FIGURE 3 — REVERSE LEAKAGE 
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SURFACE MOUNT 
DIODE ARRAYS 


These diode arrays are multiple diode junctions fabricated by a planar pro- 
cess and mounted in integrated circuit packages for use in high-current, 
fast-switching core-driver applications. These arrays offer many of the 
advantages of integrated circuits such as high-density packaging and 
improved reliability. These advantages result from such factors as fewer 
glass-to-metal seals. 


e@ Designed for Use in Computers and Peripheral Equipment 


@ Applications Include: 
Magnetic Cores 
Thin-Film Memories 
Plated-Wire Memories 
Decoding or Encoding Applications 


MAXIMUM RATINGS 


Peak Reverse Voltage a 


Steady-State Reverse Voltage a 
Continuous Forward Current aes eae 















Peak Forward Current 25°C 
Power Dissipation 
Derating Factor 
Operating Temperature —65 to +125 
Storage Temperature Range —65 to +150 


SO-14 Pin Diagram 





1. MMAD130 5. 

Dual 10 8 Diode 

Diode Array 

Array (Common 
Anode) 










MMAD1103 6. 


Dual 8 
Diode 
Array 





NC Pin 4, 6, 10, 13 














3. MMAD1104 7. 
Dual 8 @) 04 7 Diode 
Diode opo4 5o04 Array 
Array 
@ ® 
NC Pin 4, 11 






















4. MMAD1105 MMAD130 

Array MMAD1104 
(Common QDOOOOOOY® MMAD1105 
Cathode) MMAD1106 


NC Pin 1, 4, 6, 10, 13 MMAD1107 


MMAD1109 








| Unit | 
| Vde | 
| Vde | 
mW 
mW/°C 
ae 
Eee 


(Independant) 


Dual 8 Diode Array . 

8 Diode Array Common Cathode 
8 Diode Array Common Anode 
Dual 8 Diode Array 


MMAD130 
MMAD1103 
thru 
MMAD1107 
MMAD1109* 


CASE 751A-02 
SO-14 


Sas 


14 ~~ a 


MONOLITHIC 
DIODE ARRAYS 





%*MMAD130, MMAD1103, MMAD1107 
and MMAD1109 are Motorola 
designated preferred devices. 


MMAD1106 


QVDOOO@OO®Y 


NC Pin 1, 4, 6, 10, 13 


MMAD1107 


@) (8) 
op0¢ 5006 
(4) @ 


NC Pin 6, 13 





MMAD1109 


SIL! 


Device [Deecipton ————«*di irom | 


Dual 10 Diode Array 
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NOOO PB WD — 





MMAD130 Series 


ELECTRICAL CHARACTERISTICS (@ 25°C Free-Air Temperature) 














Characteristic 


Reverse Breakdown Voltage (1) (IR = 10 pA) V(BR) 
Static Reverse Current (Vp = 40 V) 


Static Forward Voltage (ip = 100 mA) 
> (Ip = 500 mA) (2) 
Peak Forward Voltage (3) (Ip = 500 mA) —_— 


SWITCHING CHARACTERISTICS (@ 25°C Free-Air Temperature) 


Forward Recovery Time (lp = 500 mA) 


ee 
wip = 2004, RM = as 


(ip = 200 mA, IRM = 200 mA, RL = 100 Q, ire = 20 mA) 


1. This parameter must be measured using pulse techniques. PW = 100 us, duty cycle < 20%. 
2. This parameter is measured using pulse techniques. PW = 300 us, duty cycle < 2.0%. Read time is 90 us from the leading edge of the 
pulse. | 
3. The initial instantaneous value is measured using pulse techniques. PW = 150 ns, duty cycle < 2.0%, pulse rise time < 10 ns. The total 
capacitance shunting the diode is 19 pF maximum and the equipment bandwidth is 80 MHz. | 
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SURFACE MOUNT 


ISOLATED 8-DIODE ARRAY 
MMAD1108* 


This diode array is a multiple diode junction fabricated by a planar process 
and mounted in integrated circuit packages for use in high-current, fast- CASE 751B-03 
switching core-driver applications. This array offers the advantages of an 
integrated circuit with high-density packaging and improved reliability. This 
advantage results from such factors as fewer connections, more uniform 
device parameters, smaller size, less weight and fewer glass-to-metal seals. 


@ Designed for use in Computers and Peripheral Equipment 


@ Applications Include: 
Magnetic Cores 
Thin-Film Memories 
Plated-Wire Memories 


Decoding or Encoding rte 
MAXIMUM RATINGS WUMUOOOOS 
nee 
rR | 4 | 
eee a 
F | 40 | 

A 


Value Pin Connections Diagram 










MONOLITHIC 
DIODE ARRAY 





xThis is a Motorola 
designated preferred device. 


| Symbol | Value __| 
IF 
i a 
Derating Factor 4.0 


ELECTRICAL CHARACTERISTICS (@ 25°C Free-Air Temperature) 


Characteristic 


Reverse Breakdown Voltage (1) 
(IR = 10 pA) 


Static Reverse Current 
(VR = 40 V) 


Static Forward Voltage 
(I— = 100 mA) 
(l—F = 500 mA) (2) 
Peak Forward Voltage (3) 
(l—- = 500 mA) 


SWITCHING CHARACTERISTICS (@ 25°C Free-Air Temperature) 


Forward Recovery Time tfr 20 
(l— = 500 mA) 

Reverse Recovery Time ter 8.0 
(IF = 200 mA, IRM = 200 mA, RL = 100 2, ire = 20 mA) | 


1. This parameter must be measured using pulse techniques. PW = 100 us, duty cycle < 20%. 

2. This parameter is measured using pulse techniques. PW = 300 us, duty cycle < 2.0%. Read time is 90 ws from the leading edge of the 
pulse. 

3. The initial instantaneous value is measured using pulse techniques. PW = 150 ns, duty cycle < 2.0%, pulse rise time < 10 ns. The total 
capacitance shunting the diode is 19 pF maximum and the equipment bandwidth is 80 MHz. 
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DUAL SILICON HOT-CARRIER DIODES 
(SCHOTTKY BARRIER DIODES) 


-MMBD352LT1* 


... designed primarily for UHF mixer applications. but suitable also for use CASE 318-07, STYLE 11 


in detector and ultra-fast switching circuits. | SOT-23 (TO-236AB) 

@ The Rugged Schottky Barrier Construction Provides Stable Characteristics. er Cathode 
by Eliminating the ‘‘Cat-Whisker’ Contact 7 3 1 2 

@ Very Low Capacitance — Less Than 1.0 pF @ Zero Volts 


@ Low Forward Voltage — 0.5 Volts (T le = 10mA | | 3 
9g ( yp) @ F Cathode/Anode 


MMBD353LT1* 


MAXIMUM RATINGS 


[Consinuous Reverse Votage (| Va | 40 | voc_| | em s)8 07, STYLE 19 


Cathode Anode 


aval 


THERMAL CHARACTERISTICS 


Characteristic 


Total Device Dissipation FR-5 Board,* 225 
Ta = 25°C . 
Derate above 25°C 1.8 
Thermal Resistance Junction to Ambient RaJA ee eee 
300 
2.4 


Total Device Dissipation mW 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C mW/°C 
Thermal Resistance Junction to Ambient RaJA 


Junction and Storage Temperature —55 to +125 


— *FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 

















my Cathode/Anode 


MMBD354LT1* 


CASE 318-07, STYLE 9 
SOT-23 (TO-236AB) 


Anode 


1 
3 
Cathode 2 


Anode 





DUAL HOT CARRIER 


DEVICE MARKING MIXER DIODES 


MMBD352LT1 = M5G; MMBD353LT1 = M4F; MMBD354LT1 = M6H 
* These are Motorola 


designated preferred devices. 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) (EACH DIODE) 


Characteristic | Symbot_ | Min | Max | Unit | 








OFF CHARACTERISTICS 






Reverse Voltage Leakage Current 
(VR = 3.0 V) 
(VR = 4.0 V) 


Capacitance 
(VR = 0V,f = 1.0 MHz) | 


MMBD352LT1, MMBD353LT1 and MMBD354LT1 are also available in bulk packaging. Use MMBD352L, MMBD353L or MMBD354L as the 
device title when ordering these devices in bulk. . 


FIGURE 1 — FORWARD VOLTAGE FIGURE 2 — CAPACITANCE 





sae 
Ee Tee 
Bea A 
a ee 
ae aaa 
an ee 


lr, FORWARD CURRENT (mA) 
C, CAPACITANCE (pF} 





J . 
0.3 0.4 0.5 0.6 0.7 0.8 
Ve, FORWARD VOLTAGE (VOLTS) 


Vp, REVERSE VOLTAGE (VOLTS) 
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MAXIMUM RATINGS MMBD914LT1 * 


[Rating —————*dCS yb 


THERMAL CHARACTERISTICS 


Characteristic 


Total Device Dissipation FR-5 Board,* 
TA = 25°C 
Derate above 25°C 1.8 mWw/°C 


Thermal Resistance Junction to Ambient R@JA | 556 | ecw 


Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 


Thermal Resistance Junction to Ambient R@JA 
Junction and Storage Temperature —55 to +150 


*FR-5 = 1.0 x 0.75 x 0.062 in. *This is a Motorola 
— **Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. designated preferred device. 


DEVICE MARKING 
MMBD914LT1 = 5D 















CASE 318-07, STYLE 8 
SOT-23 (TO-236AB) 







3 
Cathode 







HIGH-SPEED SWITCHING DIODE 








ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol | Min | Max | Unit 





OFF CHARACTERISTICS 

Reverse Breakdown Voltage 
(IR = 100 wAdc) 

Reverse Voltage Leakage Current 
(VR = 20 Vdc) 
(VR = 75 Vdc) 





820 2) 


+10 V 








IR(REC)=1.0 mA 





50 0 Output 50 2 Input 











Pulse Samplin V 
Generator Oscilloscope | INPUT SIGNAL OUTPUT PULSE 
(l—F = IR = 10 mA; measured 
= at iR(REC) = 1.0 mA) 


Notes: 1. A 2.0 kQ variable resistor adjusted for a Forward Current (IF) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. tp » t 
p” “r 
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- MAXIMUM RATINGS 
Reverse. Voltage. _ _. MMBD2836LT1 
2 MMBD2835LT1 


-| Forward Current 


THERMAL CHARACTERISTICS 


Total Device Dissipation FR-5 Board,* 
TA = 25°C - 


| Symbol _| 
Derate above 25°C _ a | 
| RA 


Thermal Resistance Junction to Ambient RaJA 
Total Device Dissipation 

Alumina Substrate,** Ta = 25°C 

Derate above 25°C 
Thermal Resistance Junction to Ambient RaJA 
Junction and Storage Temperature —55 to + 150 


*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


DEVICE MARKING 
MMBD2835LT1 = A3; MMBD2836LT1 = A2 










MMBD2835LT1 _ 

MMBD2836LT1 — 
CASE 318-07, STYLE 12 

SOT-23 (TO-236AB) 
























Cathode . 
1 






2 
Cathode 








DUAL 
SWITCHING DIODES 








ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic | Symbot_ | min | Max | Unit | 





OFF CHARACTERISTICS 











Reverse Breakdown Voltage 
(IR = 100 »Adc) MMBD2835LT1 
MMBD2836LT1 


Reverse Voltage Leakage Current — nAdc 
(VR = 30 Vdc) MMBD2835LT1 100 
(Vp = 50 Vdc) MMBD2836LT1 100 
Diode Capacitance . . Cr 
(Vp = 0,f = 1.0 MHz) 


ae 
Forward Voltage VE Vde 
(IF = 10 mAdc) 
(IF = 50 mAdc) 
(IF = 100 mAdc) 


Reverse Recovery Time trr 
(IF = IR = 10 mAdc, iR(REC) = 1.0 mAdc) (Figure 1) 





















FIGURE 1 — Recovery Time Equivalent Test Circuit 
820 


+10 V 









IR(REC)=1.0 mA 


50 © Output 50 Q Input 







Pulse Sampling VR 
Generator Oscilloscope INPUT SIGNAL OUTPUT PULSE 
(IF = IR = 10 mA; measured 
= — at iR(REC) = 1.0 mA) 


; ; ; % 
Notes: 1. A 2.0 kQ variable resistor adjusted for a Forward Current (IF) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. tp » t 
p” “r 
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MAXIMUM RATINGS 
Rating 


MMBD2837LT1 
MMBD2838LT1 


CASE 318-07, STYLE 9 
SOT-23 (TO-236AB) 


Peak Reverse Voltage 


D.C. Reverse Voltage MMBD2837LT1 
MMBD2838LT1 










Total Device Dissipation FR-5 Board,* 
TA = 25°C 
Derate above 25°C 


o 











Anode 


1 
3 
Cathode 2 


Anode 









Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 


300 

Derate above 25°C 2.4 
Thermal Resistance Junction to Ambient R@JA 
Junction and Storage Temperature —55 to +150 Le ea | DUAL 


*FR-5 = 1.0 x 0.75 x 0.062 in. SWITCHING DIODES 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 





DEVICE MARKING 
MMBD2837LT1 = A5; MMBD2838LT1 = A6 








ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 









OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(I(BR) = 100 uAdc) 










MMBD2837LT1 
MMBD2838LT1 










Reverse Voltage Leakage Current 
(VR = 30 Vdc) MMBD2837LT1 
(VR = 50 Vdc) MMBD2838LT1 


Diode Capacitance 
(VR = 0, f = 1.0 MHz) 


Forward Voltage 

















(I—F = 10 mAdc) 
(Ip = 50 mAdc) 
(I—F = 100 mAdc) 












Reverse Recovery Time try 
(IF = IR = 10 mAdc, in(REC) = 1.0 mAdc) (Figure 1) __ | 










IR(REC)=1.0 mA 


50 ( Output 50 Q Input 








Pulse Samplin V 
Generator Occilicscope s INPUT SIGNAL OUTPUT PULSE 
ee (l—F = IR = 10 mA; measured 
— — at iR(REC) = 1.0 mA) 


Notes: 1. A 2.0 kQ variable resistor adjusted for a Forward Current (IF) of 10 mA. 
2. Input pulse is adjusted so IR(peak) iS equal to 10 mA. 
3. tp >t 
p” ‘rr 
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MAXIMUM RATINGS 


| eT ees eT 
Reverse Voltage as 


Forward Current ae MMBDG6OSOLT1. * 
Peak = Current . a ees enti HE 
a CASE 318-07, STYLE 8 


THERMAL CHARACTERISTICS 7 SOT-23 (TO-236AB) 


- Characteristic 


Total Device Dissipation FR-5 Board,* 
Ta = 25°C 
Derate above 25°C | 


Thermal Resistance Junction to Ambient R@JA eon 


Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 2.4 mW/°C 
Thermal Resistance Junction to Ambient eS a Tae 
Junction and Storage Temperature —55 to +150 | 
*FR-5 = 1.0 x 0.75 x 0.062 in. . | 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. SWITCHING DIODE 
DEVICE MARKING | 


MMBD6050LT1 = 5A 

















3 O——_}¢——-0 1 
Cathode Anode 











ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 

Reverse Breakdown Voltage V(BR) 70 Vde | 
(BR) = 100 wAdc) 

Reverse Voltage Leakage Current pAdc 
(VR = 50 Vdc) 

Forward Voltage 
(Ip = 1.0 mAdc) 0.55 
(l—F = 100 mAdc) —s 85 


Reverse Recovery Time 
(I—F = IR = 10 mAdc, iR(REC) = 1.0 mAdc) (Figure 1) 


Capacitance 
(VR = 0) 


























FIGURE 1 — Recovery Time Equivalent Test Circuit 
820 


+10 V 






IR(REC)=1.0 mA 


50: Output 50 © Input 







Pulse Sampling VR 
Generator Oscilloscope INPUT SIGNAL OUTPUT PULSE 
(l—E = IR = 10 mA; measured 
—— —_ at iR(REC) = 1.0 mA) 


Notes: 1. A 2.0 kQ variable resistor adjusted for a Forward Current (IF) of 10 mA. 
2. Input pulse is adjusted so IR(peak) iS equal to 10 mA. 
3. tp >t 
p” Ur 
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MAXIMUM RATINGS 


Rating dC yb 


THERMAL CHARACTERISTICS 


Characteristic 


Total Device Dissipation FR-5 Board,* 
Ta = 25°C 
Derate above 25°C 1.8 


Thermal Resistance Junction to Ambient 


Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C 2.4 


Thermal Resistance Junction to Ambient R@JA 
Junction and Storage Temperature 


*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. DUAL 


DEVICE MARKING SWITCHING DIODE 
MMBD6100LT1 = 5BM 












MMBD6100LT1 


CASE 318-07, STYLE 9 
SOT-23 (TO-236AB) 







7 






Anode 


1 
3 
Cathode 2 


Anode 











ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
Characteristic 








OFF CHARACTERISTICS 

Reverse Breakdown Voltage V(BR) 70 Vdc 
(I(BR) = 100 wAdc) 

Reverse Voltage Leakage Current pAdc 
(VR = 50 Vdc) 

Forward Voltage VE Vdc 

(IF = 1.0 mAdc) 0.55 0.7 

(lp = 100 mAdc) 0.85 : 

Reverse Recovery Time trr 
(IF = IR = 10 mAdc, iR(REC) = 1.0 mAdc) (Figure 1) 


















FIGURE 1 — Recovery Time Equivalent Test Circuit 
820 


+10 V 








IR(REC)=1.0 mA 





50 2 Output 50 © Input 











Pulse Sampling VR 
Generator Oscilloscope ~ INPUT SIGNAL OUTPUT PULSE 
(l—F = IR = 10 mA; measured 
— — at iR(REC) = 1.0 mA) 


Notes: 1. A 2.0 kQ variable resistor adjusted for a Forward Current (IF) of 10 mA. 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 
3. tp »t 
p” 'rr 
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_ MAXIMUM RATINGS 















va | 10 ‘| vac _—| 





Total Device Dissipation FR-5 Board,* 
Ta = 25°C 
Derate above 25°C 






Total Device Dissipation 
Alumina Substrate,** Ta = 25°C 
Derate above 25°C | 


Thermal Resistance Junction to Ambient 
| Junction and Storage Temperature Ty, Tstg 


*FR-5 = 1.0 x 0.75 x 0.062 in. 
**Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alumina. 


DEVICE MARKING 
MMBD7000LT1 = M5C 








mWw/°C 
=55 to +180 








ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


; Characteristic 





MMBD7000LT1* 


CASE 318-07, STYLE 11 
SOT-23 (TO-236AB) 












Cathode 
2 


Cathode/Anode 


DUAL 
SWITCHING DIODE 


*This is a Motorola 
designated preferred device. 











OFF CHARACTERISTICS 


Reverse Breakdown Voltage 
(\(BR) = 100 wAdc) . 


Reverse Voltage Leakage Current 
(VR = 50 Vdc) 
(VR = 100 Vdc) 
(VR = 50 Vdc, 125°C) 


Forward Voltage 


(l— = 1.0 mAdc) 
(lp = 10 mAdc) 
(lp = 100 mAdc) 


Reverse Recovery Time trr 
(le = IR = 10 mAdc) (Figure 1) 


Capacitance 


820 © 


+10 V 





50 Input 
Sampling 
Oscilloscope 


50 Output 
Pulse 
Generator 











INPUT SIGNAL 








IR(REC)=1.0 mA 


OUTPUT PULSE 
(l-F = IR = 10 mA; measured 
at iR(REC) = 1.0 mA) 


Notes: 1. A 2.0 kQ variable resistor adjusted for a Forward Current (IF) of 10 mA. « 
2. Input pulse is adjusted so IR(peak) is equal to 10 mA. 


a: to » ter 
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SILICON EPICAP DIODE 


... designed in the Surface Mount package for general frequency control 


MMBV105GLT1* 
and tuning applications; providing solid-state reliability in replacement of 


mechanical tuning methods. CASE 318-07, STYLE 8 
® Controlled and Uniform Tuning Ratio SOT-23 (TO-236AB) 


MAXIMUM RATINGS 


Device Dissipation @ Ta = 25°C 200 mW 
Derate above 25°C 2.0 mWw/°C 


DEVICE MARKING *This is a Motorola 


MMBV105GLT1 = M4E designated preferred device. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 










Cathode 






30 VOLT 
VOLTAGE VARIABLE 
CAPACITANCE DIODE 





Reverse Voltage Leakage Current 
(VR = 28 V) 


CT 
Device VR = 25 Vde 
Type pF 


MMBV105GLT1 


MMBV105GLT1 is also available in bulk packaging. Use MMBV105GL as the device title to order this device in bulk. 





FIGURE 1 — DIODE CAPACITANCE 














Cy, DIODE CAPACITANCE (pF) 








Coe: iene 
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VR, REVERSE VOLTAGE (VOLTS) 
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MMBV105GLT1 


FIGURE 3 — DIODE CAPACITANCE 


FIGURE 2 — FIGURE OF MERIT 
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Ta, AMBIENT TEMPERATURE (®C) 


Vr. REVERSE VOLTAGE (VOLTS) 
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MMBV109LT1* 


MV209* 
& 


SILICON EPICAP DIODES 


.. designed for general frequency control and tuning applications; provid- 
ing solid-state reliability in replacement of mechanical tuning methods. 


@ High QO with Guaranteed Minimum Values at VHF Frequencies 
@ Controlled and Uniform Tuning Ratio 


CASE 318-07, STYLE 8 
SOT-23 aa 236AB) 


@ Available in Surface Mount Package 3 


















Cathode eee 
MAXIMUM RATINGS 
CASE 182-02, STYLE 1 
(TO-226AC) 
80 Vots 0 
2 O—_|}¢—_-0 1 
er ee ésinade Anode «2 














26-32 pF 
VOLTAGE VARIABLE 
CAPACITANCE DIODES 


Forward Power Dissipation 
@ Ta = 25°C oe 200 
Derate above 25°C 2.0 
| Junction Temperature | Ty +125 

lh ee | 55 to +150 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


DEVICE MARKING 
Characteristic 


MMBV109LT1 = M4A 

Reverse Breakdown Voltage V(BR)R 
(IR = 10 Adc) 

Reverse Voltage Leakage Current 
(VR = 25 Vdc) 

Diode Capacitance Temperature Coefficient 
(VR = 3.0 Vdc, f = 1.0 MHz) 


Ct, Diode Capacitance Q, Figure of Merit Cr, Capacitance Ratio 
Vr = 3.0 Vdc, f = 1.0 MHz WR = 3-0: Vde C3/C25 
jane F f = 50 MHz f = 1.0 MHz 
‘ (Note 1) (Note 2) 


MMBV109LT1,Mv209| 26 


MMBV109LT1 is also available in bulk packaging. Use MMBV109L as the device title to order this device in bulk. 





*These are Motorola 
designated preferred devices. 


















FIGURE 1 — DIODE CAPACITANCE 


Cy, CAPACITANCE — pF 





Vp, REVERSE VOLTAGE (VOLTS) 
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MMBV109LT1, MV209 



























































FIGURE 2 ue FIGURE OF MERIT FIGURE 3 — LEAKAGE CURRENT 
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FIGURE 4 — DIODE CAPACITANCE 


NOTES ON TESTING AND SPECIFICATIONS 


1. Q is calculated by taking the G and C readings of an admit- 
tance bridge, such as Boonton Electronics Model 33AS8, at 
the specified frequency and substituting in the following 
equation: 


ad 
~~ 
- 
4 


2afC 


G 





. Cp is the ratio of Cy measured at 3.0 Vdc divided by Cy mea- 
sured at 25 Vdc. 


Cy, DIODE CAPACITANCE (NORMALIZED) 





TN 


15 -50  ~—--25 0 #25 +50 +75 -+100—-+125 


Ta, AMBIENT TEMPERATURE (°C) 
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SILICON EPICAP DIODES 


... designed for general frequency control and tuning applications; MMBV409LT1* 


providing solid-state reliability in replacement of mechanical tuning 


methods. MV409* 


@ High Q with Guaranteed Minimum Values at VHF Frequencies 


@ Controlled and Uniform Tuning Ratio Z 
e@ Available in Surface Mount Package | peed 8 ay: 


‘ 
MAXIMUM RATINGS : 3 0——||¢——0 1 2 
athode Anode 





CASE 182-02, STYLE 1 
TO-92 (TO-226AC) 


2 0—_}¢——-o 1 JO, 


Cathode Anode 


Forward Power Dissipation 
@ Tp = 25°C 
Derate above 25°C 
VOLTAGE VARIABLE 


CAPACITANCE DIODES 


DEVICE MARKING *These are Motorola 
MMBV409LT1 = X5 designated preferred devices. 











ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 
Characteristic — All Types 





Reverse Breakdown Voltage 
(IR = 10 wAdc) 


Reverse Voltage Leakage Current 
(VR = 15 Vdc) 


Diode Capacitance Temperature Coefficient 
(Vp = 3 Vde, f = 1 MHz) 














Q, Figure of Merit 
VR = 3 Vde 
f = 50 MHz 
(Note 1) 


Cr, Capacitance Ratio 
C3/Cg 
f = 1 MHz 










Ct, Diode Capacitance 
Vr = 3 Vde, f = 1 MHz 


NOTES ON TESTING AND SPECIFICATIONS 
(1) Q is calculated by taking the G and C readings of an admittance bridge, such as Boonton Electronics Model 33AS8, at the specified 
frequency and substituting in the following equation: 


(2) Cr is the ratio of Cy measured at 3 Vdc divided by Cy measured at 8 Vdc. 


MMBV409LT1 is also available in bulk packaging. Use MMBV409LT1 as the device title to order this device in bulk. 
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MMBV409LT1, MV409 
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Vp, REVERSE VOLTAGE VOLTS 


VR, REVERSE VOLTAGE (VOLTS) 


Figure 2. Figure of Merit 


Figure 1. Diode Capacitance 
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Ta, AMBIENT TEMPERATURE (°C) 


Ta, AMBIENT TEMPERATURE (°C) 


Figure 4. Diode Capacitance 


Figure 3. Leakage Current 
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SILICON EPICAP DIODE 


... designed for FM tuning, general frequency control and tuning, or any MMBV432LT1* 


top-of-the-line application requiring back-to-back diode configuration for 
minimum signal distortion and detuning. This device is supplied in the CASE 318-07, STYLE 9 
SOT-23 plastic package for high volume, pick and place assembly SOT-23 (TO-236AB) 

requirements. . 


High Figure of Merit — Q = 150 (Typ) @ Vp = 2.0 Vdc, f = 50 MHz 
Guaranteed Capacitance Range 

Dual Diodes — Save Space and Reduce Cost 

Surface Mount Package 

Available in 8 mm Tape and Reel 


Monolithic Chip Provides Improved Matching — Guaranteed + 1.0% (Max) 
Over Specified Tuning Range 


MAXIMUM RATINGS (Each Diode) 
DUAL 
VOLTAGE-VARIABLE 
CAPACITANCE DIODE 


A 


Total Power Dissipation @ Ta = 25°C 


Derate above 25°C * This is a Motorola 


designated preferred device. 





Junction Temperature +125 oC 


Storage Temperature Range —55 to +125 “G 


DEVICE MARKING 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Reverse Breakdown Voltage 
(IR = 10 Adc) 

Reverse Voltage Leakage Current 
(VR = 9.0 Vdc) 

Diode Capacitance CT 43 48.1 pF 
(VR = 2.0 Vdc, f = 1.0 MHz) 

Capacitance Ratio C2/C8 CR 1.5 2.0 
(f = 1.0 MHz) 

Figure of Merit* 100 150 
(VR = 2.0 Vdc, f = 50 MHz) 


MMBV432LT1 is also available in bulk packaging. Use MMBV432L as the device title to order this device in bulk. 



















TYPICAL CHARACTERISTICS (Each Diode) 














coetit 





Q, FIGURE MERIT 





Cry, DIODE CAPACITANCE (pF) 


5 
vu 











1 2 3 10 
Vr, REVERSE VOLTAGE (VOLTS) Vp, REVERSE VOLTAGE (VOLTS) 
Figure 1. Diode Capacitance (Each Diode) Figure 2. Figure of Merit versus Voltage 
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MMBV432LT1 


TYPICAL CHARACTERISTICS (Each Diode) 
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Figure 4. Diode Capacitance versus Temperature 


Figure 3. Figure of Merit versus Frequency 
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Vp, REVERSE VOLTAGE (VOLTS) 


Figure 5. Reverse Current versus Reverse Voltage 
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SILICON EPICAP DIODE 


. designed for FM tuning, general frequency control and tuning, or any 
top-of-the-line application requiring back-to-back diode configuration for 
minimum signal distortion and detuning. This device is supplied in the 
SOT-23 plastic package for high volume, pick and place assembly 
requirements. 


High Figure of Merit — Q = 350 (Typ) @ Vp = 3.0 Vdc, f = 50 MHz 
Guaranteed Capacitance Range 

Dual Diodes — Save Space and Reduce Cost 

Surface Mount Package 

Available in 8 mm Tape and Reel 

Monolithic Chip Provides Improved Matching 

Hyper Abrupt Junction Process Provides High Tuning Ratio 


MAXIMUM RATINGS (Each Diode) 





en et 


Total Power Dissipation @ Ta = 25°C ees mW 
Derate above 25°C mW/°C 
Function Temperature SY 

Storage Temperature Range —55 to +125 


DEVICE MARKING 


MMBV609LT1 = 5L 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 












Reverse Voltage Leakage Current 
(VR = 15 Vdc) 


Diode Capacitance 
(VR = 3.0 Vdc, f = 1.0 MHz) 


Capacitance Ratio C3/C8 
(f = 1.0 MHz) 


Figure of Merit 
(VR = 3.0 Vdc, f = 50 MHz) 


30 


20 


Cy, DIODE CAPACITANCE (pF) 


EEE 
7 ae ae ee Oa 
1 2 3 7 0 0 30 


Vp. REVERSE VOLTAGE (VOLTS) 


Figure 1. Diode Capacitance 





MMBV609LT1* 


CASE 318-07, STYLE 9 
SOT-23 (TO-236AB) 


kd 


DUAL | 
VOLTAGE-VARIABLE 
CAPACITANCE DIODE 


*This is a Motorola 
designated preferred device. 
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SILICON EPICAP DIODE 


... designed is 900 MHz frequency control and tuning applications; a | MMBV809LT1* | 


providing solid-state reliability in‘ replacement of mechanical tuning 
methods. | 2 _ : 
© Controlled and Uniform Tuning Ratio CASE 318-07, STYLE 8 
@ Available in Surface Mount Package | SOT-23 (TO-236AB) _ 

@ Available in 8 mm Tape and Reel 


MAXIMUM RATINGS — | 4 
Rating *Sybot| : 
Reverse Voltage 












10 —0: 
Forward Power Dissipation @ Ta = 25°C ANODE CATHODE 


Derate above 25°C © 1.8 mW/°C 


Junction Temperature °C 
Storage Temperature Range —55 to +125 


*FR5 Board-1.0 x 0.75 x 0.62 in. 


VOLTAGE VARIABLE 
CAPACITANCE DIODE 
4.5-6.1 pF 


DEVICE MARKING *This is a Motorola 
MMBVS809LT1 = 5K designated preferred device. 











ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic — All Types Symbol 






Reverse Breakdown Voltage 
(Ip = 10 wAdc) 


Reverse Voltage Leakage Current 
(VR = 15 Vde) 


Q, Figure of Merit Cr, Capacitance Ratio 
Ct, Diode Capacitance VR = 3.0 Vde C2/Cg 
VR = 2.0 Vdc, f = 1.0 MHz f = 50 MHz f = 1.0 MHz 
pF (Note 1) (Note 2) 





NOTES ON TESTING AND SPECIFICATIONS 
(1) Q is calculated by taking the G and C readings of an admittance bridge, such as Boonton Electronics Model 33AS8, at the specified 
frequency and substituting in the following equation: 


(2) Cpr is the ratio of Cy measured at 2.0 Vdc divided by Cy measured at 8.0 Vdc. 
MMBV809LT1 is also available in bulk packaging. Use MMBV809L as the device title to order this device in bulk. 
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Figure 1. Diode Capacitance 





MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


5-50 






MMBV2101LT1 
MMBV2103LT1 thru 
MMBV2105LT1 
MMBV2107LT1 thru 
MMBV2109LT1* 
MV2101 
MV2103 thru MV2105 
MV2107 thru MV2109 | 
MV2111 
MV2113 thru MV2115* 


CASE 318-07, STYLE 8 \S 
ed 
2 


SILICON EPICAP DIODES 






... designed in the popular PLASTIC PACKAGE for high volume require- 
ments of FM Radio and TV tuning and AFC, general frequency control and 
tuning applications; providing solid-state reliability in replacement of 
mechanical tuning methods. 

Also available in Surface Mount Package up to 33 pF. 








@ High QO with Guaranteed Minimum Values 
@ Controlled and Uniform Tuning Ratio 






@ Standard Capacitance Tolerance — 10% 






@ Complete Typical Design Curves 








MAXIMUM RATINGS 


Forward Current 200 


Forward Power Dissipation 
@ Ta = 25°C 280 200 mW 
Derate above 25°C 2.8 2.0 mW/°C 


Storage Temperature Range —55 to +150 


DEVICE MARKING 


MMBV2101LT1 = M4G MMBV2105LT1 = 4U = MMBV2109LT1 = 4J - 
MMBV2103LT1 = 4H MMBV2107LT1 = 4W 
MMBV2104LT1 = 42 MMBV2108LT1 = 4X 






SOT-23 (TO-236AB) 
3 O—|}¢—_-0 1 


Cathode Anode 


CASE 182-02, STYLE 1 
(TO-226AC) 






















2 O——_|}—_-0 1 
Cathode Anode 2 
6.8-100 pF 
30 VOLTS 
VOLTAGE-VARIABLE 
CAPACITANCE DIODES 






%*MMBV2101LT1, MMBV2105LT1, 
MMBV2109LT1, MV2101, MV2104, 
MV2108, MV2109, MV2111, MV2113 
and MV2115 are Motorola 
designated preferred devices. 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted) 


Characteristic 


Reverse Voltage Leakage Current . 
(VR = 25 Vdc, TA = 25°C) 


Diode Capacitance Temperature Coefficient 
(VR = 4.0 Vdc, f = 1.0 MHz) 
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MMBV2101LT1, MMBV2103LT1 thru MMBV2105LT1, MMBV2107LT1 thru MMBV2109LT1 
MV2101, MV2103 thru MV2105, MV2107 thru MV2109, MV2111, MV2113 thru MV2115 


Cz, Diode Capacitance 
VR = 4.0 Vdc, f = 1.0 MHz 


MMBV2101LT1/MV2101 
MMBV2103LT1/MV2103 
MMBV2104LT1/MV2104 


MMBV2105LT1/MV2105 


MMBV2107LT1/MV2107__.. 
MMBV2108LT1/MV2108 
MMBV2109LT1/MV2109 


MV2111 
MV2113 
MV2114 
MV2115 


Q, Figure of Merit TR, Tuning Ratio 
VR = 4.0 Vde, 
f = 50 MHz 


tye | Min 


450 
400 
400 
400 


350 
300 
200 


150 
150 
100 





MMBV2101LT1, MMBV2103LT1 thru MMBV2105LT1 and MMBV2107LT1 thru MMBV2109LT1 are also available in bulk. Use the device title 
and drop the “T1” suffix when ordering any of these devices in bulk.’ 


PARAMETER TEST METHODS 


1. Cy, DIODE CAPACITANCE 
(Cj = Cc + Cy), CT is measured at 1.0 MHz using a 
Capacitance bridge (Boonton Electronics Model 75A 
or equivalent). 


2. TR, TUNING RATIO 
TR is the ratio of Cj measured at 2.0 Vdc divided by 
CT measured at 30 Vdc. 


3. Q, FIGURE OF MERIT 
Q is calculated by taking the G and C readings of an 
admittance bridge at the specified frequency and sub- 
stituting in the following equations: 


27fC 
= GC 
(Boonton Electronics Model 33AS8). Use Lead Length 


= 1/16”. 


4. TCc, DIODE CAPACITANCE TEMPERATURE 


COEFFICIENT | | 

TCc is guaranteed by comparing CT at Vp = 4.0 Vdc, 
f = 1.0 MHz, Ta = —65°C with Cy at Vp = 4.0 Vdc, f 
= 1.0 MHz, Ta = +85°C in the following equation 
which defines TCc: 

_ Cy(+85°C)—Cy(—-65°C) 106 

: 85 + 65 Cp(25°C) 
Accuracy limited by measurement of C7 to + 0.1 pF. 


TCc 
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MMBV2101LT1, MMBV2103LT1 thru MMBV2105LT1, MMBV2107LT1 thru MMBV2109LT1 


MV2101, MV2103 thru MV2105, MV2107 thru MV2109, MV2111, MV2113 thru MV2115 


TYPICAL DEVICE PERFORMANCE 


FIGURE 1 — DIODE CAPACITANCE versus REVERSE VOLTAGE 
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Vr, REVERSE VOLTAGE (VOLTS) 


FIGURE 3 — REVERSE CURRENT versus REVERSE 


FIGURE 2 — NORMALIZED DIODE CAPACITANCE versus 
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SILICON EPICAP DIODE 


MMBV3102LT1 
... designed in the Surface Mount package for general frequency control 


and tuning applications; providing solid-state reliability in replacement of | CASE 318-07. STYLE 8 
mechanical tuning methods. re ’ 
| | SOT-23 (TO-236AB) 


@ High QO with Guaranteed Minimum Values at VHF Frequencies 
@ Controlled and Uniform Tuning Ratio 


MAXIMUM RATINGS 


Device Dissipation @ Ta = 25°C ha 
Derate above 25°C 


Cathode 












22 pF (Nominal) 
30 VOLTS 
VOLTAGE VARIABLE 
CAPACITANCE DIODE 






Junction Temperature 
Storage Temperature Range 


DEVICE MARKING 


MMBV3102LT1 = M4C . 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 





Reverse Breakdown Voltage 
(IR = 10 wAdc) 


Reverse Voltage Leakage Current 
(VR = 25 Vde, Ta = 25°C) 


Diode Capacitance Temperature Coefficient 


(VR = 4.0 Vdc, f = 1.0 MHz) | 
Cry, Diode Capacitance Q, Figure of Merit Cr, Capacitance Ratio 
VR = 3.0 Vde, f = 1.0 MHz VR = 3.0 Vde, C3/Cos5 
; pF f = 50 MHz f = 1.0 MHz 
| evice | Min, ~— | Nom | Mex | Min S| Min S| tv 


MMBV3102LT1 is also available in bulk packaging. Use MMBV3102L as the device title to order this device in bulk. 







FIGURE 1 — DIODE CAPACITANCE 
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MMBV3102LT1 


FIGURE 2 — FIGURE OF MERIT | FIGURE 3 — LEAKAGE CURRENT 
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VR. REVERSE VOLTAGE (VOLTS) Ta, AMBIENT TEMPERATURE (°C) 
FIGURE 4 — DIODE CAPACITANCE NOTES ON TESTING AND SPECIFICATIONS 


1. Ls is measured on a package having a short instead of a die, 
using an impedance bridge (Boonton Radio Model 250A RX 


Meter). 
Vp = 3.0 Vde 2. Cc is measured on a package without a die, using a capaci- 
f= 1.0MHz tance bridge (Boonton Electronics Model 75A or equivalent). 


3. Q is calculated by taking the G and C readings of an admit- 
tance bridge, such as Boonton Electronics Model 33AS8, at 
the specified frequency and substituting in the following 























Cy, DIODE CAPACITANCE (NORMALIZED) 





equation: 
2nfC 
eG | 
4. Cr is the ratio of CT measured at 3.0 Vde divided by CT 
-75 -50 -25 0 +25 ——-+50 475 4100-4125 measured at 25 Vdc. 


Ta, AMBIENT TEMPERATURE (°C) 





MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


5-55 





SILICON PIN DIODE 


... designed primarily for VHF band switching applications but also suitable 
for use in general-purpose switching circuits. Supplied in a Surface Mount 
package. 7 7 
e@ Rugged PIN Structure Coupled with Wirebond Construction for Optimum 
Reliability - . . 
@ Low Capacitance — 0.7 pF Typ at Vp = 20 V , 
@ Very Low Series Resistance at 100 MHz — 0.34 Ohms (Typ) 
@ |p = 10 mAdc 


MAXIMUM RATINGS 





Rating 


Reverse Voltage | VR | 


Forward Power Dissipation @ Ta = 25°C 
Derate above 25°C 


Junetion Temperature ay ase 
Storage Temperature Range —55 to +150 


DEVICE MARKING 


MMBV3401LT1 = 4D 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 











Reverse Breakdown Voltage 
(IR = 10 pA) 


Diode Capacitance 
(VR = 20 V) 


Series Resistance (Figure 5) 
(lp = 10 mA) 


[Characteristic Syb 


MMBV3401LT1* 


CASE 318-07; STYLE 8 
SOT-23 (TO-236AB) . 


Cathode 


SILICON PIN. 
SWITCHING DIODE 


*This is a Motorola 
designated preferred device. 








MMBV3401LT1 is also available in bulk packaging. Use MMBV3401L as the device title to order this device in bulk. 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 1 — SERIES RESISTANCE 














Ta = 259C 





tie EET 
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Rs, SERIES RESISTANCE (OHMS) 
=) 
Co 
pf 
Ip, FORWARD CURRENT (mA) 





lf, FORWARD CURRENT (mA) 





FIGURE 2 — FORWARD VOLTAGE 





1.0 


Ve, FORWARD VOLTAGE (VOLTS) 
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CAPACITANCE (pF) 


Cy, DIODI 


MMBV3401LT1 


FIGURE 3 — DIODE CAPACITANCE 
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Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 5 — FORWARD SERIES RESISTANCE TEST METHOD 


Vp, REVERSE VOLTAGE (VOLTS) 
gE 500 92 
Hi ee a 
Boonton D.U.T Power Supply 
Model 33A or B B rae 
Lo a 


= For test fixture, leads should be as 
All measurements @ 100 MHz short as possible. 
To measure series resistance, a 10 pF capacitor is used to reduce 
the forward capacitance of the circuit and to prevent shorting of 
the external power supply through the bridge. The small signal 
from the bridge is prevented from shorting through the power 
supply by the 500-ohm resistor. The resistance of the 10 pF 
capacitor can be considered negligible for this measurement. 


1. The RF Admittance Bridge (Boonton 33A or B) must be 
initially balanced, with the test circuit connected to the 
bridge test terminals. The conductance scale will be set at 
zero and the capacitance scale will be set at 120 pF, as re- 
quired when using the 100 MHz test coil. 


Use a short length of wire to short the test circuit from 
point ‘A’ to B". Then connect the power supply pro- 
viding 10 mA of bias current to the test circuit. 


Adjust the capacitance scale arm of the bridge and the ‘‘G” 
zero contro! for a minimum null on the ‘‘null meter’. 
The null occurs at approximately 130 pF. 

Replace the wire short with the device to be tested. Bias 
the device to a forward conductance state of 10 mA. 
Obtain a minimum null on the ‘‘null meter’, with the 
capacitance and conductance scale adjustment arms. 

Read conductance (G) direct from the scale. Now read 
the capacitance value from the scale (= 130 pF) and sub- 
tract 120 pF which yields capacitance (C). The forward 
resistance (Rs) can now be calculated from: 


: 2.533G 
S745 
c2 
Where: 
G — in micromhos, 
C — in pF, 
Rs — in ohms 
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HIGH VOLTAGE SILICON PIN DIODES 


... designed primarily for VHF band switching applications but also suitable 
for use in general-purpose switching circuits. Supplied in a cost effective 
plastic package for economical, high-volume consumer and industrial 
requirements. Also available in surface mount. 


@ Long Reverse Recovery Time. 
try = 300 ns (Typ) 


e Rugged PIN Structure Coupled with Wirebond Construction for Optimum 
Reliability 

e@ Low Series Resistance @ 100 MHz — 
Rs = 0.7 Ohms (Typ) @ If = 10 mAdc 

e Reverse Breakdown Voltage = 200 V (Min) 


MAXIMUM RATINGS 









[MPNa700] MMBVA700LT1 |___ 
| Rating | Symboi| Value =| Unit | 
Reverse Voltage Va | 200 | Volts 
ce |"lele i 
Derate above 25°C 2.8 2.0 mWw/°C 


DEVICE MARKING 
MMBV3700LT1 = 4R 












Total Power Dissipation 











ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 
Characteristic 


Diode Capacitance 
(VR = 20 Vdc, f = 1.0 MHz) 
Series Resistance (Figure 5) 
(le = 10 mA) 
Reverse Leakage Current 
(VR = 150 Vdc) 


Reverse Recovery Time 
(IF = IR = 10 mA) 


MMBV3700LT1 


S 


MPN3700 


CASE 318-07, STYLE 8 
SOT-23 (TO-236AB) 


3 O——_|}¢—-0 1 


Cathode Anode 


CASE 182-02, STYLE 1 
(TO-226AC) 
2 O——_|}¢—_-10 1 


1 
Cathode Anode 2 


SILICON PIN 
SWITCHING DIODES 








MMBV3700LT1 is also available in bulk packaging. Use MMBV3700L as the device title to order this device in bulk. 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 1 — SERIES RESISTANCE 


Rg, SERIES RESISTANCE (OHMS) 
Ir, FORWARD CURRENT (mA) 





lp, FORWARD CURRENT (mA) 





FIGURE 2 — FORWARD VOLTAGE 
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MMBV3700LT1, MPN3700 


FIGURE 3 — DIODE CAPACITANCE 






































Cy, DIODE CAPACITANCE (pF) 





| 
Vp, REVERSE VOLTAGE (VOLTS) 








FIGURE 4 — LEAKAGE CURRENT 
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Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 5 — FORWARD SERIES RESISTANCE TEST METHOD 


10 pF 500 0 
Hi O———-+ + 
A 
Boonton D.U.T. Power Supply 
Mode! 33A or B B 
Lo - 
= For test fixture, leads should 
All measurements @ 100 MHz be as short as possible. 


To measure series resistance, a 10 pF capacitor is used to reduce 
the forward capacitance of the circuit and to prevent shorting of 
the external power supply through the bridge. The small signal 
from the bridge is prevented from shorting through the power 
supply by the 500-ohm resistor. The resistance of the 10 pF ca- 
pacitor can be considered negligible for this measurement. 


1. The RF Admittance Bridge (Boonton 33A or B) must be ini- 
tially balanced, with the test circuit connected to the bridge 
test terminals. The conductance scale will be set at zero 
and the capacitance scale will be set at 120 pF, as required 
when using the 100 MHz test coil. 


2, 


Use a short length of wire to short the test circuit from point 
“A’ to 'B”. Then connect the power supply providing 10 mA 
of bias current to the test circuit. 


. Adjust the capacitance scale arm of the bridge and the “G”’ 


zero control for a minimum null on the ‘‘null meter’. The 
null occurs at approximately 130 pF. 


. Replace the wire short with the device to be tested. Bias 


the device to a forward conductance state of 10 mA. 


. Obtain a minimum null on the ‘‘null meter”, with the ca- 


pacitance and conductance scale adjustment arms. 


. Read conductance (G) direct from the scale. Now read the 


capacitance value from the scale (~130 pF) and subtract 
120 pF which yields capacitance (C). The forward resistance 
(Rg) can now be calculated from: 


2.533 G 
Roe 
c2 
Where: 
G — in micromhos, 
C — inpF, 
Rs — in ohms 
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SILICON PIN DIODE 


... designed primarily for VHF band switching applications but also suitable 

for use in general-purpose switching circuits. Supplied in a cost effective 

TO-92 type plastic package for economical, high-volume consumer and 

industrial requirements. . . : 

® Rugged PIN Structure Coupled with Wirebond Construction for Optimum 
Reliability. . % 


@ Low Series Resistance @ 100 MHz — 
Rs = 0.7 Ohms (Typ) @ If = 10 mAdc 


@ Sturdy TO-92 Style Package for Handling Ease 


MAXIMUM RATINGS 
7 Rating - 








20 
4.0 mW/°C 
[suintion Tempersturo—SSSC=“‘*‘irC iP 


Reverse Voltage 


Forward Power Dissipation @ Ta = 25°C 
Derate above 25°C 


VR 
PF 
Ty 


Diode Capacitance. . 
(VR = 15 Vde, f = 1.0 MHz) 


Reverse Leakage Current 
(VR = 15 Vdc) 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 1 — SERIES RESISTANCE 
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MPN3404* 


CASE 182-02, STYLE 1 
(TO-226AC) 


eas, 


. Anode Cathode 


SILICON PIN. 
SWITCHING DIODE 


This is a Motorola 
designated preferred device. 





FIGURE 2 — FORWARD VOLTAGE 
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CT, DIODE CAPACITANCE (pF) 


MPN3404 











FIGURE 3 — DIODE CAPACITANCE FIGURE 4 — LEAKAGE CURRENT 
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FIGURE 5 — FORWARD SERIES RESISTANCE TEST METHOD 


10 pF 


500 2 2. Use a short length of wire to short the test circuit from 

Hi o——— + point “‘A’’ to “B’’. Then connect the power supply pro- 
viding 10 mA of bias current to the test circuit. 

Boonton A D.UT. Power Supply 3. Adjust the capacitance scale armof the bridge and the ‘‘G” 

Model 33A or B B zero control for a minimum null on the “‘null meter”. 


The null occurs at approximately 130 pF. 
Lo es aaa? 4. Replace the wire short with the device to be tested. Bias 
the device to a forward conductance state of 10 mA. 


= For test fixture, leads should be as 





All measurements @ 100 MHz short as possible. 5. Obtain a minimum null on the “‘null meter’, with the 
capacitance and conductance scale adjustment arms. 

To measure series resistance, a 10 pF capacitor is used to reduce 6. Read conductance (G) direct from the scale. Now read 
the forward capacitance of the circuit and to prevent shorting of the capacitance value from the scale (130 pF) and sub- 
the external power supply through the bridge. The small signal tract 120 pF which yields capacitance (C). The forward 
from the bridge is prevented from shorting through the power resistance (Rs) can now be calculated from: 

supply by the 500-ohm resistor. The resistance of the 10 pF 

capacitor can be considered negligible for this measurement. " 2.533 G 

1. The RF Admittance Bridge (Boonton 33A or B) must be s* C2 


initially balanced, with the test circuit connected to the 


bridge test terminals. The conductance scale will be set at wvngre: P 
zero and the capacitance scale will be set at 120 pF, as re- Ge ie micromhos, 
quired when using the 100 MHz test coil. inp 

Rs - in ohms 
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MSD6100* 


CASE 29-04, STYLE 3 
TO-92 (TO-226AA) 


Ss Anode 1 2 Anode 


MAXIMUM RATINGS 






Value 


Reverse Voltage Vde 
Recurrent Poak Forward Current | ie | 200 | mA 
mA 


Peak Forward Surge Current lFM(surge) 

(Pulse Width = 10 usec) 

Power Dissipation @ Ta = 25°C 
Derate above 25°C 

Operating and Storage Junction TJ, Tstg(1) | —55 to +135 °C 
Temperature Range 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


po haracteristic | Symbot_ 


Rating 






3 Cathode 


DUAL SWITCHING DIODE 
COMMON CATHODE 








*This is a Motorola 
designated preferred device. 











Reverse Current 

(Vp = 100 Vdc) 

(VR = 50Vde) 

(VR = 50 Vdc, Ta = 125°C) 
Forward Voltage 





(lp = 1.0 mAdc) 
(Ip = 10 mAdc) 
(Ip = 100 mAdc) 


Capacitance 
(VR = 0) 


Reverse Recovery Time 
(IF = IR = 10 mAdc, VR = 5.0 Vdc, ire = 1.0 mAdc) 


(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Pp = 1.0 W @ Tc = 25°C, 
Derate above 25°C — 8.0 mW/°C, Ty = —65 to +150°C, gjc = 125°C/W. 
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MAXIMUM RATINGS 
Rating “ym Value Unit 


Reverse Voltage 
Peak Forward Recurrent Current 


Peak Forward Surge Current 
(Pulse Width = 10 ys) 


Tota! Device Dissipation @ Ta = 25°C Pp(1) 625 mW 
Derate above 25°C 5.0 mw°C 
Operating and Storage Junction TJ, Tstg(1) | —55 to +135 °C 
Temperature Range 


Characteristic 


























Breakdown Voltage 
(I(BR) = 100 wAdc) 


Reverse Current 
(VR = 50 Vdc) 


Forward Voltage 
nee = 10 mAdc) 


Reverse Recovery Time 
(i- = IR = 10 mAdc, VR = 5.0 Vdc, irr = 1.0 mAdc) 





MSD6150* 


CASE 29-04, STYLE 4 
TO-92 (TO-226AA) 


Sy 3 Anode 


Cathode 1 2 Cathode 


DUAL DIODE 
COMMON ANODE 


*This is a Motorola 
designated preferred device. 





(1) Continuous package improvements have enhanced these guaranteed Maximum Ratings as follows: Pp = 1.0 W @ Tc = 25°C, Derate 
above 8.0 mW/C, Pp = 10 W @ Tc = 25°C, Derate above 80 mW/C, TJ, Tstg = —55 to + 150°, gyc = 12.5°C/W, gJaA = 125°C. 
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SILICON EPICAP DIODE 


... designed for FM tuning, general frequency control and tuning, or any 
top-of-the-line application requiring back-to-back diode configurations for 


MV104* 


minimum signal distortion and detuning. This device is supplied in the pop- CASE 29-04. STYLE 15 
(TO-226AA) 


ular TO-92 plastic package for high volume, economical requirements of 
consumer and industrial applications. . 


@ High Figure of Merit — 
Q = 140 (Typ) @ Vr = 3.0 Vde, f = 100 MHz Sy, 


@ Guaranteed Capacitance Range 
37-42 pF @ Vp = 3.0 Vde (MV104) 


e Dual Diodes — Save Space and Reduce Cost _ 
® TO-92 Package for Easy Handling and Mounting 


@ Monolithic Chip Provides Near Perfect Matching — Guaranteed +1% 
(Max) Over Specified Tuning Range 


MAXIMUM RATINGS (Each Device) — 7 DUAL 


[Rating | Symbol [Value [Unit VOLTAGE-VARIABLE 
CAPACITANCE DIODE 


Total Power Dissipation @ Ta = 25°C Pr 280 mW 
Derate above 25°C 2.8 












*This is a Motorola 
designated preferred device. 





Reverse Breakdown Voltage 
(IR = 10 wAdc) 


Reverse Voltage Leakage Current Ta = 25°C 
(VR = 30 Vdc) Ta = 60°C 


Diode Capacitance Temperature Coefficient 
(Vp = 4.0 Vde, f = 1.0 MHz) 





Cr, Diode Capacitance Q, Figure of Merit 
VR = 3.0 Vde, f = 1.0 MHz VR = 3.0 Vde 
pF f = 100 MHz 





CT, DIODE CAPACITANCE (pF) 





Vr, REVERSE VOLTAGE (VOLTS) 
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MV104 


TYPICAL CHARACTERISTICS (Each Device) 


FIGURE 2 — FIGURE OF MERIT versus VOLTAGE 


FIGURE 3 — FIGURE OF MERIT versus FREQUENCY 
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f, FREQUENCY (MHz) 


Vp, REVERSE VOLTAGE (VOLTS) 


FIGURE 5 — REVERSE CURRENT versus REVERSE VOLTAGE 


FIGURE 4 — DIODE CAPACITANCE versus TEMPERATURE 
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Vr, REVERSE VOLTAGE (VOLTS) 


Ty, JUNCTION TEMPERATURE (°C) 
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SILICON HYPER-ABRUPT TUNING DIODES MV1403 


... designed with high capacitance and a capacitance change of greater , MV1404 

than TEN TIMES for a bias change from 2.0 to 10 volts. Provides tuning | MV1405 

over broad frequency ranges; tunes AM radio broadcast band, general AFC | 

and tuning applications in lower RF frequencies. ia : 

@ High Capacitance: 120-250 pF 

e Large Capacitance Change with Small Bias Change | CASE 51-02 
© Guaranteed High Q | : | (DO-204AA) 
@ Available in Standard Axial Glass Packages , . 

@ H Suffix Devices with 100% Screening | | | 20—|}¢—01 


Anode Cathode 
MAXIMUM RATINGS 


[Rating Ybor 


Reverse Voltage 








120-250 pF 
1 12 VOLTS 


HIGH TUNING RATIO 
VOLTAGE-VARIABLE 
CAPACITANCE DIODES 


Forward Current 


Device Dissipation @ Ta = 25°C Le 






Derate above 25°C 


Junction Temperature 





. | Characteristic 


Reverse Breakdown Voltage | V(BR)R 
(IR = 10 wAdc) 
Ls. 
Cc 


Leakage Current at Reverse Voltage 
(VR = 10 Vde, Ta = 25°C) 


Series Inductance 
(f = 250 MHz, Lead Length ~ 1/16”) | 


Case Capacitance 
(f = 1.0 MHz, Lead Length = 1/16”) 







Cr, Diode Capacitance Q, Figure of Merit TR, Tuning Ratio 


VR = 2.0 Vde, f = 1.0 MHz VR = 2.0 Vdc, 
: f = 1.0 MHz 


MV1403 200 
MV1404 200 
MV1405 200 


FIGURE 1 — DIODE CAPACITANCE versus 
REVERSE VOLTAGE 
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Vp, REVERSE VOLTAGE (VOLTS) 
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SILICON EPICAP DIODES 


... epitaxial passivated tuning diodes designed for AFC applications in 
radio, TV, and general electronic-tuning. 


@ Maximum Working Voltage of 20 V 
@ Excellent Q Factor at High Frequencies 
@ Solid-State Reliability to Replace Mechanical Tuning Methods 


MAXIMUM RATINGS 


Reverse Voltage VR 20 
qy 












Device Dissipation @ Ta = 25°C 


400 mw 
Derate above 25°C 2.67 mWwW/°C 


[aunetion Temperaure dy 
Storage Temperature Range —65 to +200 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic 





Reverse Breakdown Voltage 
(IR = 10 wAdc) 


Reverse Voltage Leakage Current 
(VR = 15 Vde, Ta = 25°C) 
Series Inductance 
(f = 250 MHz, Lead Length ~ 1/16”) 


Case Capacitance 
(f = 1.0 MHz, Lead Length =~ 1/16”) 


Ct, Diode Capacitance 
VR = 4.0 Vdc, f = 1.0 MHz 


MV1620 
MV1624 
MV1626 


MV 1628 
MV 1630 
MV 1634 


MV 1636 
MV 1638 
MV 1640 
MV 1642 


MV 1644 
MV 1648 
MV1650 





TR, Tuning Ratio, is the ratio of Cf measured at 2 Vdc divided by Cy measured at 20 Vdc. 





Q, Figure of Merit 
VR = 4.0 Vde C2/C29 


MV1620 
thru 
MV1650 


CASE 51-02 
DO-204AA (DO-7) 


ers 


1 
VOLTAGE-VARIABLE 
CAPACITANCE DIODES 


6.8-100 pF 
20 VOLTS 





Tr, Tuning Ratio 


= 1.0 MHz 
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MV7005T1* 


CASE 318E-04, STYLE 2 
TO-261AA | 


MAXIMUM RATINGS 











Total Power Dissipation @ Ta = 25°C 280 mw 
Derate above 25°C : 2.8 mWw/°C 
Storage Temperature Range ~—55 to +125 


DEVICE MARKING 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 


2,4 
ANODE CATHODE 


SOT-223 PACKAGE 
HIGH CAPACITANCE 
VOLTAGE-VARIABLE DIODE 
SURFACE MOUNT 






*This is a Motorola 
designated preferred device. 





Reverse Breakdown Voltage 
(IR = 10 pAdc) 


Reverse Voltage Leakage Current 
(VR = 9.0 Vdc) 


Diode Capacitance 
(VR = 1.0 Vde, f = 1.0 MHz) 


Capacitance Ratio C1/C9 | 
(f = 1.0 MHz) 


Figure of Merit 
(VR = 1.0 Vdc, f = 1.0 MHz) 








MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


5-68 


MV7005T1, MV7005T3 


ial 
cf 
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nici 
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ALM TL 
MALLET EL 
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S 
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f 


1000 


(4d) SONVLIOVdVO Jaold ‘Lo 





Ta, AMBIENT TEMPERATURE (°C) 


= REVERSE VOLTAGE jane 


Figure 2. Diode Capacitance versus 


Figure 1. Diode Capacitance versus 


Ambient Temperature 


Reverse Voitage 





MTT TP NTT TT 
TIT 


TANT 


oS Oo mo © bas 
Oo _— 
— 


(001X) LIYSW JO SYHNDI ‘O 


f= 1.0 MHz 





ae REVERSE VOLTAGE (VOLTS) 


Figure 3. Figure of Merit 
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SILICON TUNING DIODES 


... designed for electronic tuning of AM receivers and high capacitance, 
high tuning ratio applications. : 
@ High Capacitance Ratio — Cr = 15 (Min), 

MVAM108, 115, 125 


e@ Guaranteed Diode Capacitance — Cy = 440 pF (Min) — 
560 pF (Max) @ Vp = 1.0 VDc, f = 1.0 MHz, MVAM108, MVAM115, 
MVAM125 © 


@ Guaranteed Figure of Merit — 
Q = 150 (Min) @ Vp = 1.0 Vde, f = 1.0 MHz 


MAXIMUM RATINGS 
Rating 



















Reverse Voltage - MVAM108 VR 12 Volts 
MVAM109 15 
MVAM115 18 
MVAM125 28 


Power Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction 
Temperature Range 


Ty, Tstg | —55 to +125 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted, Each Device) 


Characteristic 


Breakdown Voltage 
~ - MVAM108 


Diode Capacitance Temperatujre Coefficient (1) 
(VR = 1.0 Vde, f = 1.0 MHz, Ta = —40°C to +85°C) 


Case Capacitance 
(f = 1.0 MHz, Lead Length 1/16”) 


Diode Capacitance (2) 
(VR = 1.0 Vde, f = 1.0 MHz) 


TCc 


MVAM108, 115, 125 


MVAM109 | 
Figure of Merit 
(f = 1.0 MHz, Lead Length 1/16”, VR = 1.0 Vdc) 
Capacitance Ratio 
(f = 1.0 MHz) MVAM108 
MVAM109 
MVAM115 
MVAM125 


NOTES: 
1. The effect of increasing temperature 1.0°C, at any operating point, is equivalent to lowering the effective tuning voltage 1.25 mV. The percent change of 
capacitance per °C is nearly constant from — 40°C to + 100°C. 

2. Upon request, diodes are available in matched sets. All diodes in a set can be matched for capacitance to 3% or 2.0 pF (whichever is greater) at all points 
along the specified tuning range. 





V(BR)R 
(IR = 10 wAdc) 
MVAM109 
MVAM115 e 4 
‘~MVAM125 
Reverse Current ; 
(VR = 8.0 V) ~. MVAM108 
(Vp = 9.0 V) MVAM109 
(VR = 15 V) MVAM115 
(VR = 25 V) MVAM125 





MVAM108* 
MVAM109* 
MVAM115* 
MVAM125* 


CASE 182-02, STYLE 1 
(TO-226AC) 


2 
2 o—}¢——_-0 1 
Cathode Anode 
TUNING DIODES 
WITH VERY HIGH 
CAPACITANCE RATIO 


*These are Motorola 
designated preferred devices. 


Vde 


nAdc 


ppm/°C 


mT m1 
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MVAM108, MVAM109, MVAM115, MVAM125 


FIGURE 1 — TYPICAL AM RADIO APPLICATION 


To IF 


AGC a 


Tuning Voltage 





MVAMxxx ea 


FIGURE 3 — CAPACITANCE versus REVERSE VOLTAGE 


FIGURE 2 — CAPACITANCE versus REVERSE VOLTAGE 
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FIGURE 5 — CAPACITANCE versus REVERSE VOLTAGE 


FIGURE 4 — CAPACITANCE versus REVERSE VOLTAGE 
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1 
2 
3 


CASE 29-04 
(TO-226AA) 
TO-92 
STYLE 33 


CASE 318-07 
(TO-236AB) 
SOT-23 
STYLE 22 


CASE 318E-04 
(TO-261AA) 
SOT-223 
STYLE 6 





SMALLBLOCK Products are a unique family of application 
specific “minigrated” circuits. These circuits will incorporate 
various transistor, resistor and diode configurations for use in 
certain applications. Since these SMALLBLOCK circuits are 
monolithic chips, they will reduce both component count and the 
required space on circuit boards, simplify circuitry and improve 
reliability. 


SMALLBLOCK Products 
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EMBOSSED TAPE AND REEL 


SOT-23 and SOT-223 packages are available only in Tape and Reel. Use the appropriate suffix indicated 
below to order any of the SOT-23 and SOT-223 packages. (See Section 7 on Packaging for additional 
information). 


SOT-23: available in 8 mm Tape and Reel 
Use the device title (which already includes the “T1” suffix) to order the 7 inch/3000 unit reel. 
Replace the “T1” suffix in the device title with a “T3” suffix to order the 13 inch/10,000 unit reel. 


SOT-223: available in 12 mm Tape and Reel 
Use the device title (which already includes the “T1” suffix) to order the 7 inch/1000 unit reel. 
Replace the “T1” suffix in the device title with a “T3” suffix to order the 13 inch/4000 unit reel. . 


RADIAL TAPE REEL AND AMMO PACK 


TO-92 packages are available in both bulk shipments and in Radial Tape Reel and Ammo Packs. 
Radial Tape Reel and Ammo Pack are the best methods for capturing devices for automatic insertion in 
printed circuit boards. 


TO-92: available in 365 mm Radial Tape Reel 
Add an “RLR” suffix and the appropriate Style code* to the device title to order the Radial 
Tape Reel. 


available in Ammo Pack (Fan Fold Box) 
Add an “RLR” suffix and the appropriate Style code* to the device title to order the Ammo 
Pack box. 


*Refer to Section 7 on Packaging for Style code characters and additional information on ordering 
requirements. 


DEVICE MARKINGS/DATE CODE CHARACTERS 


The SOT-23 package has a device marking and a date code etched on the device. The generic 
example below depicts both the device marking and a representation of the date code that appears on the 
SOT-23 package. 


ABCD 


The “D” represents a smaller alpha digit Date Code. The Date Code indicates the actual month in which the 
part was manufactured. 
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* 
The MDC1000 series is a silicon turn-off device designed to reduce the turn-off MDC1000A 


time of a MOSFET or an IGBT. It also clamps the MOSFET gate voltage to a safe CASE 29-04 

level. This device eliminates the use of individual components by integrating them STYLE 33 

into a single device. The use of the MDC1000 series can reduce system cost and TO-226AA (TO-92) 
board space, while optimizing the switching performance of the MOSFET. The 2 


MOSFET Turn-Off Device is a member of the SMALLBLOCK family. ? 
MDC1000BLT1* 


Output Voltage Clamped to 12.5 Volts to Protect the MOSFET Gate 





e 

e Very Fast Turn-Off Time, 15 Nanoseconds Typical CASE 318-07 3 
e Simplifies Circuit Design STYLE 22 

e Reduces Board Space 1 

e Three Package Styles: TO-92 for Insertion, SOT-23 and SOT-223 for Surface TO-236AB (SOT-23) @ 


Mount 


e Applications Literature: EB-142; The MOSFET Turn-Off Device, A New Circuit 
Building Block; AN1078; New Components Simplify Brush DC Motor Drives; MDC1000CT1 * 
AN1087; Speeding up Horizontal Outputs; AN1101; One-Horsepower Off-Line CASE 318E-04 


Brushless Permanent Magnet Motor Drive STYLE 6 
TO-261AA (SOT-223) 
MAXIMUM RATINGS (Ta = 25°C unless otherwise specified) 


Input — Current Peak IINM 500 mA 
(Pulse Width = 20 us, Duty Cycle < 2%) 


Thermal Resistance — Junction to Ambient 


SMALLBLOCK 
MOSFET TURN-OFF DEVICES 


*These are Motorola 
designated preferred devices. 























PIN CONNECTION DIAGRAMS 





















MDC1000A 
MDC1000BLT 1 
MDC1000CT1 ll 
Total Power Dissipation @ Ta = 25°C 
MDC1000A 
MDC1000BLT 1* - 
MDC1000CT 1* RETURN 
Derate above 25°C MDC1000A MDC1000BLT1 MDC1000CT1 
1-Return 1-Return 1-Return 
MDC1000A 
‘ 2-Input 2-Output 2-Input 
Liabcdtoantant 3-Output 3-Input 3-Output 
MDC1000CT1* ee me Pipe 
Operating and Storage Temperature Range — 65 to +150 
Lead Soldering Temperature** TL 260 EQUIVALENT CIRCUIT 


“Device mounted on an FR-5 printed circuit board 1.0 x 0.75 x 0.062 inches using footprint shown in Section 8. OUTPUT 
**Additional information on soldering of the MDC1000BLT1,CT1 surface mount packages is shown in Section 8. 


DEVICE MARKING . 


MDC1000A MDC1000 
MDC1000CT1 C1000 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic Symbol Min | Typ =| Max | Unit | 
Input Clamp Voltage [Note 1] (li = 2.0 mA) Vin 9.5 11 12 Vdc 
(ljj_y = 50 mA) 9.5 11.2 12.5: -: 
Output Clamp Voltage [Note 2] (louT = 2.0 mA) Vout 9.0 10.4 11.5 ‘Vdc 
(louT = 50 mA) 9.0 10.8 12 


Turn-Off Time toff 
(1000 pF, from 9.0 V to 1.0 V) See Figures 1 and 2 






RETURN 














Storage Time 


Propagation Delay 
Input Capacitance @ 10 Volts, f = 1.0 MHz 
Dropout Current [Note 4] | sus) | 80 | 


[1] Input pin (+) to return pin(—) with output pin open. 

(2] Input and output pins common(+) to return pin(—). 

[3] MDC 1000s should be mounted as close as possible to the MOSFET being controlled to minimize noise difficulties. In particular, the return lead should have as short a run to the 
MOSFET source lead as possible. Also, Kelvin connections between the MDC 1000 return lead and the MOSFET source lead will enhance noise immunity. 

[4] Output Current fevel below which MTO must fall to insure driver MOSFET will turn back on. 





-- 
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MDC1000A,BLT1,CTI 


SWITCHING | 






tan . 
MPSA56 





MDC1000 
JL 


Vin =5V 
PULSE WIDTH = 1 us 
DUTY CYCLE < 2% 





Figure 2. Turn-Off Waveforms 


Figure 1. Turn-Off Time Test Circuit 













TYPICAL CHARACTERISTICS 
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Vout, OUTPUT CLAMP VOLTAGE (VOLTS) 
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Ta, TEMPERATURE (°C) 


Figure 3. Allowable Input Current versus 
- Ambient Temperature 





| Ts TEMPERATURE (°C) 


Figure 5. Output Clamp Voltage versus 
Ambient Temperature | 





Ta, TEMPERATURE (°C) . 


Figure. 4. Input Clamp Voltage versus 
Ambient Temperature 
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Vin, INPUT VOLTAGE (V) 


Figure 6. Input Characteristics 
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DROPOUT CURRENT (MICROAMPS) 


MDC1000A,BLT1,CTI 


TYPICAL CHARACTERISTICS 
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Figure 7. Output Characteristics 
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Figure 9. Dropout Current versus Temperature 
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Figure 8. Forward Voltage Drop 
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Figure 10. toff versus Load Resistance/ 
Load Capacitance 
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Figure 11. MOSFET Fall Time versus Gate Resistance 
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MDC1000A,BLT1,CTI 


OPERATING DESCRIPTION 


The MDC1000 series provides an economical and space 
saving method of turning off a power MOSFET while achieving 
a level of circuit improvement at the same time. It reduces the 


component count of an active gate turn-off network for 


MOSFETs. The device quickly discharges the gate-source 
and gate-drain capacitances when the input signal is removed 
and provides protection of the gate-source in the event of an 
overvoltage condition on the control line. 

To turn a MOSFET off, it is necessary to discharge the input 
capacitance to drive the gate-source voltage to below 
VGS(th): Turning on a MOSFET is fairly straight-forward, but 
turning it off frequently calls for some form of active turn-off 
network to help speed up the turn-off process. Typically, this 





INPUT 


MDC1000 SERIES 


OUTPUT 


has been achieved with a network comprised of several active 
and passive components. The effect of the turn-off network is 


to provide a low impedance discharge path for the MOSFET 


input capacitance and therefore speed up its turn-off. 

Instead of a single PNP transistor which is commonly used 
for the turn-off function, an NPN has been added and is con- 
nected to the PNP in the configuration of an SCR. This combi- 
nation provides the regenerative turn-on action of an SCR, 
further speeding up the process of discharging the gate of the 
MOSFET. It also contains an integral 10.4 volt zener diode, 
providing the MOSFET gate with overvoltage protection.Using 
the MDC1000 series, a power MOSFET can typically be 
turned off in tens of nanoseconds. 


- 


MOSFET 
GATE 





ae RN 


Figure 12. Recommended Gate Drive Circuit 


INPUT 1N4935 


9-24 Vde 






MTP33N10E 


1N 
4148 


=e 






INPUT 
SIGNAL MPS 0 05 i 
(PWM) A55 


1k 


Figure 13a. Utilizing Discrete Components 


our 
= 100 uF 


INPUT 
9-24 Vde 


1N4935 





DC 
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+ 
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Jt 
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Figure 13b. Utilizing MDC1000A 


Figure 13. Active MOSFET Gate Turn-Off Circuit 
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TYPICAL APPLICATIONS UTILIZING THE MDC1000A 


DC INPUT 
POWER 


SWITCHED 
OUTPUT 
POWER 


L 
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R2 C1 | R3 a s, wy 
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Figure 14. PWM Portion of Switchmode Power Supply for Power MOSFET Gate Control 
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Figure 15. Horizontal Gain Circuit for Power MOSFET Gate Control and PNP Current Mirror for Gate Drive Circuit 
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MDC1000A,BLT1,CTI 


* 








MR850 





Vin = 12 to 26 V 


O Va = 28 V/0. 
150 uF 20 uF sueee 02m 


@4A @1A 


47k 680 pe a 


MTPS5ONOSE] _L+ + 
MDC1000A 470 uF 470 uF 


F 35 V 35 V 


50 wF 
36 V 





*Optional to minimize output ripple 3 


Figure 16. DC-DC Converter 
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Figure 17. DC Motor Control Utilizing High Side MOSFET Switches 
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MDC1000A,BLT1,CTI 
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Figure 18. DC Motor Control With Optoisolated Level Shift 
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LOCATION IMPLIES PHYSICAL LAYOUT 


ILO‘LL1aE"VO00LDGW 


MDC1005A* 


CASE 29-04, STYLE 33 


The MDC1005 series is a silicon turn-off device designed to reduce the turn-off TO-226AA 
time of a MOSFET. It also clamps the MOSFET gate voltage to a safe level. This (TO-92) 
device eliminates the use of individual components by integrating them into a 
single device. The use of the MDC1005 series can reduce system cost and board 
space, while optimizing the switching performance of the MOSFET. The 
MOSFET Turn-Off Device is a member of the SMALLBLOCK family. 


e Output Voltage Clamped to 5.0 Volts to Protect the MOSFET Gate 
e Very Fast Turn-Off Time, 22 Nanoseconds Typical 
e Simplifies Circuit Design MDC1005BLT1 * 
e Reduces Board Space 2 
e Two Package Styles: TO-92 for Insertion, SOT-23 for Surface Mount CASE 318-07, STYLE 22 
(SOT-23 available only in Tape and Reel) TO-236AB 
© Applications Literature: EB-142; The MOSFET Turn-Off Device, A New Circuit : (SOT-23) 
Building Block 
SMALLBLOCK 
MAXIMUM RATINGS (Ta, = 25°C unless otherwise specified) MOSFET TURN-OFF DEVICES 





— iw | 
Input — Current Peak 500 mA 
(Pulse Width = 20 us, Duty Cycle < 2%) 
Thermal Resistance — Junction to Ambient RaJA °C/mW 
0.227 
0.625 


*These are Motorola 
designated preferred devices. 


PIN CONNECTION DIAGRAMS . 








OUTPUT 
MDC1005A 
MDC1005BLT1 










Total Power Dissipation @ Ta = 25°C 
MDC1005A 
MDC1005BLT1* 


RETURN 


MDC1005A ~ MDC1005BLT1 
1-Return 1-Return 
2-Input 2-Output 
3-Output 3-Input 







Derate above 25°C 






MDC1005A 
MDC1005BLT 1* 








EQUIVALENT CIRCUIT 





Lead Soldering Temperature** 
OUTPUT 


*Device mounted on an FR-5 printed circuit board 1.0 x 0.75 x 0.062 inches using footprint shown in Section 8. 
**Additional information on soldering of the MDC1005BLT1 surface mount package is shown in Section 8. 


DEVICE MARKING 


MDC1005A MDC1005 








RETURN 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 


input Clamp Voltage [Note 1] (ljxy = 2.0 mA) 
(ljpy = 50 mA) 


Output Clamp Voltage [Note 2] (louT = 2.0 mA) 
(IOUT = 50 mA) 


Fall Time 





(1000 pF, from 5.0 V to 1.0 V) See Figures 1 and 2 





Dropout Current [Note 4] 


[1] Input pin (+) to return pin(—) with output pin open. 

[2] Input and output pins common(+) to return pin(—). 

[3] MDC 1005s should be mounted as close as possible to the MOSFET being controlled to minimize noise difficulties. In particular, the return lead should have as short a run to the 
MOSFET source lead as possible. Also, Kelvin connections between the MDC 1005 return lead and the MOSFET source lead is recommended. 

[4] Output Current level below which MTO must fall to insure driver MOSFET will turn back on. 
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lin, MAXIMUM INPUT CURRENT (mA) 


Vout OUTPUT CLAMP VOLTAGE (VOLTS) 


MDC1005A,BLT1 


SWITCHING 






i 7 
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PULSE WIDTH = 1 ps 
DUTY CYCLE < 2% 





Figure 1. Turn-Off Time Test Circuit Figure 2. Turn-Off Waveforms 


TYPICAL CHARACTERISTICS 
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7 ee 
lin = 0.8 mA 


5.6 


; =a 














ete lt Aol 
aca ea See 
f+) Xt 
pee Ie IS 
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Vin, INPUT CLAMP VOLTAGE (VOLTS) 





080 -40 -20 40 100 120 140 160 > 40°C -30°C 0°C +25°C +85°C +125°C = +150°C 
Ta, TEMPERATURE (°C) Ta, TEMPERATURE (°C) 
Figure 3. Allowable Input Current versus Figure 4. Input Clamp Voltage versus 
Ambient Temperature Ambient Temperature 


OUTPUT (open) ae ae 


RETURN (-) 


lin INPUT CURRENT (mA) 





5 : 
~40°C -30°C i 425° pee 485°C -+125°C -+150°C | 
7 Ta, TEMPERATURE (°C) Vins INPUT VOLTAGE (V) 


; ie a 
| Figure 5. Output Clamp Voltage versus — | Figure 6. Input Characteristics 
_ Ambient nemperaiane | 
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lin. INPUT CURRENT (mA) 


DROPOUT CURRENT (pA) 
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TYPICAL CHARACTERISTICS 
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Vin, wear wate (V) Ve, FORWARD VOLTAGE (mV) 
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Figure 7. Output Characteristics Figure 8. Forward Voltage Drop 


lin. INPUT CURRENT (j1A) 


~30°C 0°c 425°C +85°C +125°C 
TEMPERATURE (°C) Ta, TEMPERATURE (°C) 


Figure 9. Dropout Current versus Temperature Figure 10. Input Current versus Temperature 


CHEE PERSE 


Pele Meese ei 
pete ela EL 


OV 0.5V 


Cin, INPUT CAPACITANCE (pF) 





VOLTAGE (V) 


Figure 11. Input Capacitance versus Voltage 
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MDC1005A,BLT1 


500 





Ry, LOAD RESISTANCE (Q) 


Figure 12. toff versus Load Resistance 


Rg, GATE RESISTANCE (Q) 


Figure 13. toff versus Gate Resistance 


OPERATING DESCRIPTION 


The MDC1005 series provides an economical and space 
saving method of turning off a power MOSFET while achieving 
a level of circuit improvement at the same time. It reduces the 
component count of an active gate turn-off network for 
MOSFETs. The device quickly discharges the gate-source 
and gate-drain capacitances when the input signal is removed 
and provides protection of the gate-source in the event of an 
overvoltage condition on the control line. 

To turn a MOSFET off, it is necessary to discharge the input 
capacitance to drive the gate-source voltage to below 
VGS(th). Turning on a MOSFET is fairly straight-forward, but 
turning it off frequently calls for some form of active turn-off 
network to help speed up the turn-off process. Typically, this 





INPUT o 


MDC1005A,BLT1 


OUTPUT 


has been achieved with a network comprised of several active 
and passive components. The effect of the turn-off network is 
to provide a low impedance discharge path for the MOSFET 
input capacitance and therefore speed up its turn-off. 

Instead of a single PNP transistor which is commonly used 
for the turn-off function, an NPN has been added and is con- 
nected to the PNP in the configuration of an SCR. This combi- 
nation provides the regenerative turn-on action of an SCR, 
further speeding up the process of discharging the gate of the 
MOSFET. It also contains an integral 5.2 volt zener diode, 
providing the MOSFET gate with overvoltage protection.Using 
the MDC1005 series, a power MOSFET can typically be 
turned off in tens of nanoseconds. 


_ 


MOSFET 
GATE 


RETURN 


Figure 14. Recommended Gate Drive Circuit 
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TYPICAL APPLICATIONS UTILIZING THE MDC1005A 







INPUT 1N4935 
9-24 Vdc 
+ 
MTP3055EL 100 pF 
1N 
4148 
INPUT 
SIGNAL MPS 0.05 uF 
(PWM) ASS 


1k 


Figure 15a. Utilizing Discrete Components 


DC 
OUT 


INPUT 1N4935 
9-24 Vde DC 


OUT 
+ 
100 pF 






MTP3055EL 
MDC1005A 
INPUT 
SIGNAL 
(PWM) 0.05 uF 


Figure 15b. Utilizing MDC1005A 


Figure 15. Active MOSFET Gate Turn-Off Circuit 


+24 V 


U2 
MC7812 


MDC1005A 


R17 
120 


MC1391P 


G2 
MJ11016 


(IB) { Q5 
1 MJ11016 


Q3 
MTP3055EL 


D2 
DAMPER 





Figure 16. High Resolution Deflection Application Simulator 
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Tape and Reel Specifications 
and Packaging Specifications 
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Embossed Tape and Reel Fanoend Hoel 







Embossed Tape and Reel is used to facilitate automatic pick and place — Data for sa 
equipment feed requirements. The tape is used as the shipping container sees? dy F 
for various products and requires a minimum of handling. The antistatic/ . Discrete a 
conductive tape provides a secure cavity for the product when sealed with Su rface Niount 7 
the ‘‘peel-back” cover tape. : 


® Two Reel Sizes Available (7” and 13”) 

Used For Automatic Pick and Place Feed Systems 
Minimizes Product Handling 

EIA 481, IEC 286-3, EIAJ RC-1009B 

SOT-23, SC-59 in 8 mm Tape 

SO-8, SOT-223 in 12 mm Tape 

SO-14, SO-16 in 16 mm Tape 


_ Devices 


Ordering Information | 

Use the standard device title and add the required suffix as listed in the 
option table below. Note that the individual reels have a finite number of 
devices depending on the type of product contained in the tape. Also note 
the minimum lot size is one full reel for each line item, and orders are 
required to be in increments of the single reel quantity. Minimum order 
$200.00/line-line. 







PACKAGES 


SO-8 SOT-23 
SO-14 SOT-143 
SO-16 SOT-223 
SC-59 


SC-59, SOT-23 SOT-143 SO-8, 14, 16 SOT-223 
8mm 8mm 12,16mm 12mm 


0 o oO O (©- O-O-O-O-O-O-O-O-¢ 
, = 
Tape & Reel 
Tape Width Device Reel Size Lot Size 
Package (mm) per Reel (inch) (Min) 


SOT-23 
SC-59 


SOT-143 





° oO 0) re) O° 





1,000 


SO-14 
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TAPE AND REEL DATA FOR DISCRETE SMD 
CARRIER TAPE SPECIFICATIONS 












10 PITCHES 
CUMULATIVE 
TOLERANCE ON 
K Po TAPE 
c +0.2 mm 
| (+ 0.008") 
TOP : 
COVER ! 
TAPE t 
cae F W 
By Ko y 
SEE NOTE 1 p> { 0 
FOR COMPONENTS 
FOR MACHINE REFERENCE EMBOSSMENT CENTER LINES \ 2.0 mm x 1.2 mm 
ONLY > OF CAVITY AND LARGER 
INCLUDING DRAFT AND RADII USER DIRECTION OF FEED 
CONCENTRIC AROUND Bg 


*TOP COVER 

TAPE THICKNESS (ty) 
0.10 mm 

(.004”) MAX. 


R MIN. 


TAPE AND COMPONENTS 
SHALL PASS AROUND RADIUS “R” 
WITHOUT DAMAGE 














BENDING RADIUS 


MAXIMUM COMPONENT ROTATION EMBOSSED 


CARRIER 
100 mm 
Paneth CAVITY ae) 
1mm MAX 
CENTER LINE ' 


TYPICAL aia a an ae 
CENTER LINE age Soe Ss ae 9.843”) 
CAMBER (TOP VIEW) ' 


ALLOWABLE CAMBER TO BE 1 mm/100 mm NONACCUMULATIVE OVER 250 mm 








DIMENSIONS 


Tape 
Size | By Max T Max 
8 


4.2mm |1.5-+0.1 mm{1.0 + 0.1 mml1.75+0.1 mm| 3.5 £0.05 mm| 2.4mm Max | 4.00.1 mm |4.0-+0.1 mm | 2.0+0.1mm | 25mm | 0.400 mm | 80-+.30mm 











(.165”) — 0.0 Min (069 + .004”) | (.138 + .002”) (.157 + 004”) | (.157 + .004”) | (.079 + 002”) | (.98”) (.315 + 012”) 


(.059 + .004” (.039”) 
12mm| 8.2mm 
(.323”) 


— 0.0) 
16mm] 12.4 mm 
(.476") 


Metric Dimensions Govern — English are in parentheses for reference only. 


NOTE 1: Ag, Bo, and Kg are determined by component size. The clearance between the components and the cavity must be within .05 min. to .50 
max., the component cannot rotate more than 10° within the determined cavity. 
























5.0 +0.05 mm | 4.5 mm Max | 4.0+0.1 mm 
(217 + .002") (.157 + .004”) 


1.5mm Min 
(.060”) 


12+ 30mm 
(.470 + .012”) 


2mm 
(1.18”) 





























8.0 + .01 mm 
(.315 + .004”) 


4.0+0.1 mm 
(.157 + 004”) 














7.5+0.10 mm 
(.295 + .004”) 





6.5 mm 
(.256”) 


16+ 30mm 
(.630 + .012”) 








(.079 + .004”) | (1.575”) 












8.0+.01 mm 
(.315 + .004”) 


12.0 + .004 mm 
(.472 + .004”) 
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TAPE AND REEL DATA FOR DISCRETE SMD 


REEL DIMENSIONS 


Metric Dimensions Govern — English are in Parentheses for Reference only. 


_ —>| LT MAX. 


13.0 mm+0.5 mm 
| | (512" + 002”) 
We Ss | 
ee” ; . 


200.2mmMIN | 
(.795") \ 


\ 50 mm MIN 


- | (1.969”) 
P| 


TT 


8.4mm+1.5 mm, —0.0 
(.33” + .059”, — 0.00) 


12.4 mm+2.0 mm, —0.0 
(.49” + .079”, —0.00) 


16.4 mm+2.0 mm, —0.00 
(.646” + .078", — 0.00) 
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TO-92 EIA, IEC, EIAJ 
Radial Tape Reel 
or Ammo Pack 


Radial tape reel and ammo pack of the reliable TO-92 package are the 
best methods of capturing devices for automatic insertion in printed circuit 
boards. These methods of taping are compatible with various equipment 
for active and passive component insertion. 


Available on 365 mm Reels 

Available in Ammo Pack (Fan Fold Box) 
Accommodates All Standard Inserters 
Allows Flexible Circuit Board Layout 
2.5 mm Pin Spacing for Soldering 
EIA-468, IEC 286-2, EIAJ RC1008B 


Ordering Notes: 

When ordering radial tape on reel or in ammo pack, specify the style per 
Figures 3 thru 8. Add the suffix ““RLR”’ and ‘’Style” to the device title, i.e. 
MPS3904RLRA. This will be a standard MPS3904 radial taped and supplied 
on a reel per Figure 3. 

Reel Information — Minimum order quantity 1 Reel/$200LL. 
Order in increments of 2000. 
Ammo Pack Information — Minimum order quantity 1 Box/$200LL. 
Order in increments of 2000. 


US/European Suffix Conversions 


US EUROPE 
RLRA RL 
RLRE RL1 
RLRM ZL1 


TO-92 
RADIAL 
TAPE REEL 
OR 
AMMO 
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TO-92 EIA RADIAL TAPE REEL OR AMMO PACK 


| Figure 1. Device Positioning on Tape 

















Component Body Height } 0.170 0.210 

Component Body Width 0.125 0.165 

Component Body Length along Tape 0.1748 0.2052 

Tape Feedhole Diameter 0.145 0.1693 3 

Component Lead Width Dimension 0.016 0.022 | 0.56 | 

Component Lead Thickness Dimension 0.015 0.020 0.38 | 051 
1 
2 










7 





Feedhole Location 0.3346 0.3741 | 85 


Deflection Front or Rear a a 


4.3 
Feedhole to Bottom of Component 0.7086 0.768 
Feedhole to Seating Plane | 0.610 | 0.649 
Defective Unit Clipped Dimension © 0.3346 0.433 | 85 | 1 
Lead Wire Enclosure 0.09842 | = [| 25 | 

9 






| 165 

. ee ee 
aa 

Feedhole Pitch | 129 | 
Feedhole Center to Center Lead 
First Lead Spacing Dimension 
Overall Taped Package Thickness | o— | oose7 | — | 144 | 
ates 1 


Carrier Strip Width 0.6889 0.07481 1 


> 
Q. 
= 
® 

z. 
< 

© 

— 
a 
3G 

© 

= 
oo 
=> 





NOTES: 

. Maximum alignment deviation between leads not to be greater than 0.2 mm. 

. Defective components shall be clipped from the carrier tape such that the remaining protrusion (L) does not exceed a maximum of 11 mm. 
. Component lead to tape adhesion must meet the pull test requirements established in Figures 10, 11 and 12. 

. Maximum non-cumulative variation between tape feed holes shall not exceed 1 mm in 20 pitches. 

. Holddown tape not to extend beyond the edge(s) of carrier tape and there shall be no exposure of adhesive. 

. No more than 1 consecutive missing component is permitted. 

. A tape trailer and leader, having at least three feed holes is required before the first and after the last component. 

. Splices will not interfere with the sprocket feed holes. 


CONOORWN 
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TO-92 EIA RADIAL TAPE REEL OR AMMO PACK 


REEL STYLES 


Figure 2. Reel Specifications 


ARBOR HOLE DIA. 
30.5 mm + 0.25 mm 





CORE DIA. 
82mm + 1mm 


MARKING NOTE ee are) ae 
SEE FIGURE 13 


HUB RECESS 


762mm + 1mm 


RECESS DEPTH 
9.5 mm MIN 365 mm + 3, ~ Omm 


57.2 mm- ~ i 38.1. mm + 1mm 
x | 


MAX 





Material used must not cause deterioration of components or degrade lead solderability. 


Figure 3. Style A Figure 4. Style B 


ADHESIVE TAPE ON REVERSE SIDE 
CARRIER STRIP ROUNDED 


ADHESIVE TAPE SIDE eee CARRIER STRIP FLAT SIDE 


Rounded size of transistor and adhesive tape visible. Flat side of transistor and carrier strip visible (adhesive 
tape on reverse side). 


Figure 5. Style E Figure 6. Style F 


CARRIER STRIP 


ADHESIVE TAPE ‘FLAT SIDE Wf ee 


ELL 


Flat side of transistor and adhesive tape visible. Rounded side of transistor and carrier strip visible (adhe- 
sive tape on reverse side). 
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TO-92 EIA RADIAL TAPE REEL OR AMMO PACK 


Figure 7. Style M 


ADHESIVE TAPE ON 
TOP SIDE 


CARRIER 
STRIP 


Flat side of transistor and 
adhesive tape visible. 


Style M ammo pack is equivalent to 


Styles E and F of reel pack dependent 
on feed orientation from box. 


Figure 10. Test #1 


100 GRAM 
PULL FORCE 


aa 
FIXTURE 


~The component shall not pull free with 
a 300 gram load applied to the leads 
for 3 + 1 second. 


AMMO PACK STYLES 
Figure 8. Style P 


ADHESIVE TAPE ON 


Rounded side of transistor and 


adhesive tape visible. 


Style P ammo pack is equivalent to 
Styles A and B of reel pack dependent 
on feed orientation from box. 


ADHESION PULL TESTS 


Figure 11. Test #2 


70 GRAM 
PULL FORCE 


HOLDING 
. FIXTURE 


_ The component shall not pull free with 


a 70 gram load apphied to the leads for 
3 + 1 second. 


TO-92 Lead Forming 


‘Figure 13. Ordering Notes 


How to choose Lead Form option: 


Example: 


Figure 9. Ammo Pack Dimensions 





Figure 12. Test #3 


500 GRAM PULL FORCE 


iT 
_ ih 


ome 7 

+ ——)\ 
HOLDING 
FIXTURE 


There shall be no deviation in the 
leads and no component leads shall 
be pulled free of the tape with a 500 
gram load applied to the component 
body for 3 + 1 second. 





4. Determine option either TO-18 or TO-5, see Dimen- 
sional Drawings 
*Identify measurement between centres of the two 
outside leads: 
i.e. 2.5 mm for TO-18 
5.0 mm for TO-5 


2. Determine the pinout of the device (Style Number — 
see Product Data Sheet) 


BC237B configured TO-18. . 

See Data Sheet for Style Number 

Style 17... Drawing indicates Dimensions, and that posi- 
tion of Centre Lead is towards the round side of the prod- 
uct (towards the back) 

Order type: BC237B18 


Other Examples: 


3. Identify Drawing corresponding to Style Number (see 


Figures 8a and 8b). 


P2N2222-18 P2N2222A18 
© 2N5551-5 BC488A18 
BC337-25-5 BC547C5 


Note: For reverse configurations, please consult the 
factory. 
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Bar Code Labelling 


The Intermediate Package Label shall contain, as a minimum, the Motorola part number, 
Motorola lot number, Motorola manufacturing date (date code), and quantity as shown in 
Exhibit 4a. Customer part number (CPN) label, Exhibit 4b, shall be added when CPN is 
available. 


Data Identifier Codes 

Data identifier codes shall be included on both the Intermediate Labels and the Shipping 
Labels. On these labels a data identifier code in the first position following the start code of 
the bar code symbol is used to identify the information to follow. This character is not to be 
included in the human readable line, but is shown in the human readable title for the 
appropriate data area. See Exhibits 2 and 3. 

No additional bar code symbols will be placed on the Shipping Identification Label nor on 
the Intermediate Package Label unless it contains a data identifier to differentiate it from other 
bar code symbols. 

Motorola had initially attempted to standardize on a set of data identifiers which it believed 
to be the preferred standard. However, with the establishment of the EIA STANDARD EIA- 
556A, Electronic Industries Association Shipping Container Bar Code Label Standard and their 
adoption of the “Standard of the Federation of Automated Coding Technologies” (FACT) 
identifiers, we have altered our standards to comply with this new Industry Standard. 
Therefore, the following identifiers will be used to identify data found on our labels: 


P |= — Customer Product Identification — (Customer part number) 

1P — Motorola Part Number 

Q  — Quantity 

K | — Transaction Number — (Customer P.O. No.) 

3S — Package Identification assigned by Motorola to the lowest level of shipping package.* 
(This is the most common designator used by Motorola.) 

4S — Package Identification assigned by Motorola to a master package containing the same 


items. (Single Product / Single Order)* Lower levels of packaging within this master 
package will contain separate packaging labels. 

5S — Package Identification assigned by Motorola to a master package containing unlike 
items. (MIXED LOAD / Single Order)* Lower levels of packaging within this master 

_ package will contain separate packaging labels. | 

6S — Package Identification assigned by Motorola to a master package containing the same 
items over multiple customer orders. (Single Product / Multiple Customer Orders)* 
Lower levels of packaging within this master package will contain separate packaging 
labels. 

7S — Package Identification assigned by Motorola to a master package containing unlike 
items over multiple customer orders. (MIXED LOAD / Multiple Customer Orders)* 
Lower levels of packaging within this master package will contain separate packaging 
labels. 

*NOTE: Supplier Package ID is made up of Vendor ID (Motorola’s EIA ID is 185) followed by 

a “‘plus’’ (+) and the ship date (YYWW) and the Packing List Number. This combination will 

provide a unique identification not repeated by Motorola. 

(Example — 185 + 884510000A for Motorola shipment of 45th week 1988 with packing list 

number 10000A.) 

*NOTE: Some identifier codes only apply to shipping labels and others only intermediate 

containers and vice versa. 

9D — Manufacturing Date (Date Code — YYWW) 


1T — Motorola Manufacturing Lot Number for traceability 
V  — Vendor Code assigned by Customer 
6V — EIA Manufacturer's identification code for Motorola (185) 


Example: Motorola part number in human readable form = MC146805E2CP 
Bar code symbol for Motorola part number = 1PMC146805E2CP 
Customer part number in human readable form = 1401-23456 
Bar code symbol for Customer part number = P1401-23456 
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The human readable part number characters shall be bold and a minimum 0.125 inch 
(3 mm) high. The bar code symbol of the part number shall be directly below the human 
readable characters and shall be a minimum 0.250 inch (6.35 mm) high. Depending on the 
nominal dimension of the narrow bar code elements, part numbers of varying lengths can 
be printed on one line. The maximum length of any bar code symbol should not exceed 3.5 
inches (89 mm). The part number shall be designated by Motorola for Standard Devices or 
by the customer for Special Devices. The maximum length anticipated for the part number 
is sixteen (16) characters plus the data identifier (“Pe for Customer Part Number or “1P” for 
Motorola Part Number). 


Bar Code Symbology 

Bar Codes shall be of the 3-of-9 (Code 39) type and shall conform to the Bar Code Symbology 
Standard for 3-of-9 Bar Codes published by EIA-556A. In addition to this symbology 
specification, the following paragraphs | cover specific requirements for the Motorola 
Intermediate and Shipping Labels. 
Code Configuration 

The Code 39 configuration is in accordance with (AIM) USS 39 Symbol specification. 
Code Density and Dimensions 

The bar heights shall be a minimum of 0.250 inch (6.35 mm). The width of the narrow 
elements (‘X’ dimension) shall be within the range of .007 to 0.16 inch. The ratio of the 
nominal width of the wide to narrow elements shall be 3:1, with an allowable range of 2.8:1 
to 3.2:1. 
Check Digits 

Check digits shall not be used in the bar codes. 
Reflectivity and Contrast 

The printed bar code symbols shall meet the contrast and reflectivity requirements specified 
in EIA-556A, at all electromagnetic wave lengths from B633 to B900 nanometers. 
Quiet Zone 
The minimum quiet zone for each bar coded data element shall be 0.25 inch. 


Special Labels 

While we hope that these specifications will cover most situations, there will be 
circumstances where requirements will dictate special arrangements between customers and 
Motorola. Every effort to minimize these situations should be a goal of all so that complexities 
and costs are not added. 
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MOTOROLA “INTERNAL USE” INTERMEDIATE CONTAINER LABEL 


ID 





REY? C 


il ih i I i Tl ut i ini il fl il ) assenbled 
m 
il vi i il i i i my — 
REF : KAAR61L13B 
rn Oc) Oy cba 
OCe OTy-713e 





CUSTOMER PART NUMBER INTERMEDIATE CONTAINER LABEL 
(Added to container when customer part number is available) 
Label size may be adjusted to fit intermediate packing, but it shall contain all Bar Code 
information shown above as a minimum. 


MOTOROLA S PACK 
EIA CODE ~_PLUS DATE LIST NO. 


FROM: 
MOTOROLA, INC. 
5805 ERST MCDOWELL ROAD 


asacio 185+98C61C345H 
| NIX, APTIZONA 
WELLL = 


















































| iui <2 
CONTAINER ‘ 

sae nN aaa 
-o i | SUPPLIER PART: 
a a ese 
= | is 














FIELD FOR "CERTIFIED" NOTATION 


MOTOROLA STANDARD DEVICE SHIPPING LABEL 
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TO-92 Lead Forming | , foes - 
- _. When ordering Lead Formed TO-92,- 
Lead configurations conform to TO-18 or TO-5 pincircles. = = | ~ verify the style per Figures 1a and 1b. 


Figure 1a. TO-18 Styles and Dimensions | 





— 25 + 05 
oe 0,098 + 0.02 
OST 11. Pete 


0:02 
15 + 05 
0.059 + 0.02 . 


15+ 0.5 
0.059 + 0.02 | 
9.5 MIN _ 0.5 


0374 0.098 + 0.02 





f 
5+ 04 


0.197 + 0.016 -— 





15+ 05 
0.059 + 0.02 


0.098 + 0.02 


2.5 + 0.3 
0.098 + 0.012 


: ; ._ millimeters ap 
Dimensions are in ——>-—_—_ 0.098 + 0.02 
inches 


0.059 + 0.02 
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The following pages contain information on the various 
packages referenced on the individual data sheets. Information 
includes: a picture of the package, dimensions in both millimeters 
and inches, the various pinout configurations (styles), a cross 
reference for case numbers, old JEDEC “TO” numbers, the new 
JEDEC “TO” designation, and footprint dimensions for surface 
mount packages to assist in board layout. 

Additionally, abstracts of available application notes are 
provided. Please contact your local sales representative for 
those desired. 


Package Outline Dimensions, 
Footprints, and 
Applications Literature 
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Package Outline Dimensions 


Dimensions are in inches unless otherwise noted. 





CASE 22-03 TO-18 (TO-206AA) METAL 


MILLIMETERS 
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CASE 29-03 (TO-226E) TO-92 1-WATT PLASTIC 


NOTES: 
1. DIMENSIONS -A- AND -B- ARE DATUMS. 
2. -T- IS SEATING PLANE. 
3. POSITIONAL TOLERANCE FOR LEADS: 


4 | 0.10 (0.004) ®|T A@[8 ®@| 











= 4. DIMENSIONING AND TOLERANCING PER 
A ANS! 14.5, 1982. 
5. CONTROLLING DIM: INCH. 
1 
K 
on MULES 
; | MIN. | MAX | 
ee =p | A | 7.37 | 7.87 | 0.290 | 0.310 | 
| 
| lg 
=| es AWE 
SECT. A-A 
R 
Cc 
; 
N = 
CASE 29 STYLES STYLE 17: STYLE 26: 
PIN1. COLLECTOR PIN1. Vo¢ 
2. BASE 2. GROUND 2 
3. EMITTER 3. OUTPUT 
STYLE 1: STYLE 9: STYLE 18: STYLE 27: 
PIN1. EMITTER PIN. BASE1 PIN1. ANODE PIN. MT 
2. BASE 2. EMITTER 2. CATHODE 2. SUBSTRATE 
3. COLLECTOR 3. BASE 2 3. NOT CONNECTED 3. MT 
STYLE 2: STYLE 10: ca STYLE 19: STYLE 28: 
PIN 1, BASE ‘PIN 1, CATHODE PIN 1. GATE PIN1. CATHODE 
2, EMITTER 2. GATE 2. ANODE 2. ANODE 
3. COLLECTOR p 8 ANODE 3. CATHODE 3. GATE 
STYLE 3: STYLE 11: STYLE 20. STYLE 29 
PIN 1, ANODE PIN’. ANODE PIN’. NOTCONNECTED  PIN1, NOT CONNECTED 
2. ANODE 2. CATHODE AND ANODE 2. CATHODE 2. ANODE 
3. CATHODE 3. CATHODE 3. ANODE , 3. CATHODE 
STYLE 4: STYLE 12: STYLE 21: STYLE 30: 
PIN1, CATHODE PIN 1. MAIN TERMINAL 1 PIN 1. COLLECTOR PIN1. DRAIN 
2. CATHODE 2. GATE 2. EMITTER 2. GATE 
3. ANODE 3. MAIN TERMINAL 2 3. BASE 3. SOURCE 
STYLE 5: STYLE 13: STYLE 22: STYLE 31: 
PIN 1. DRAIN PIN 1. ANODE 1 PIN1. SOURCE PIN’. GATE 
2, SOURCE 2. GATE 2. GATE 2. DRAIN 
3. GATE 3. CATHODE 2 3. DRAIN 3. SOURCE 
STYLE 6: STYLE 14: STYLE 23: STYLE 32: 
PIN 1. GATE PIN1. EMITTER PIN’. GATE PIN1. BASE 
2. SOURCE AND SUBSTRATE 2. COLLECTOR 2. SOURCE 2. COLLECTOR 
3, DRAIN 3. BASE 3. DRAIN 3 EMITTER 
STYLE 7: STYLE 15: STYLE 24: STYLE 33: 
PIN 1. SOURCE PIN1. ANODE 1 PIN’. EMITTER PIN1. RETURN 
2. ORAIN 2. CATHODE 2. COLLECTOR/ANODE 2. INPUT 
3. GATE 3. ANODE 2 3. CATHODE 3, OUTPUT 
STYLE 8: STYLE 16: STYLE 25: 321 
PIN 1, DRAIN PIN 1. ANODE PIN’. MT 1 
2. GATE 2. GATE 2. GATE 
3, SOURCEAND SUBSTRATE 3. CATHODE 3. MT2 






CASE 22 STYLES 





STYLE 1: _ STYLE?7: 
PIN 1. EMITTER PIN 1. ANODE 
_ 2. BASE . 2. BASE 
3. COLLECTOR - 3. CATHODE 
STYLE 2: ' STYLE 8: tl 
PIN 1. SOURCE, SUBSTRATE PIN 1. GATE 
AND CASE 2. ANODE 1 | 
2. GATE 3. ANODE 2 
3. DRAIN ; 
STYLE 9: 
STYLE 3: , PIN 1. ANODE 2 
PIN 1. SOURCE 2. ANODE 1 
2. DRAIN 3. GATE 7 
3. GATE (CONNECTED TO CASE) 
STYLE 4: STYLE 10: ‘STYLE 13: 
PIN 1. SOURCE PIN t. BASE PIN 1. ANODE 
2. DRAIN 2. EMITTER 2. GATE 
3. GATE & CASE 3. BASE 3. CATHODE 
STYLE 5: STYLE 11: STYLE 14: 
PIN 1. EMITTER PIN 1. DRAIN PIN 1, ANODE 
2. BASE 1 2. GATE’ 2. OPEN 
3. BASE 2 3. SOURCE, SUBSTRATE 3. CATHODE 
STYLE 6: STYLE 12: 
PIN 1. CATHODE PIN 1. SOURCE 
2. GATE 2. GATE 
3. ANODE 3. DRAIN (CASE) 


CASE 29-04 (TO-226AA) TO-92 PLASTIC 


NOTES: 

1. CONTOUR OF PACKAGE BEYOND ZONE “P” IS 
UNCONTROLLED. 

2. DIM “F" APPLIES BETWEEN "H” AND “L”. DIM 
“D" & "'S" APPLIES BETWEEN “L” & 12.70mm 

B (0.5”) FROM SEATING PLANE. LEAD DIM IS 
| A UNCONTROLLED IN “H” & BEYOND 12.70mm 1 
(0.5") FROM SEATING PLANE. 2 
3 


3. CONTROLLING DIM: INCH. 


|_MIN | 
0.170 
| 0.016 _| 
| 0.016 | 
| 0.045. | 
| 0.095 | 
| 0,250 | 


— 
— 





Qo 
Qo 
wa 
Nn 


eis 
aa 
w 
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CASE 51-02 
B 
i 


NOTES: 

1, PACKAGE CONTOUR OPTIONAL WITHIN DIA B 
AND LENGTH A. HEAT SLUGS, IF ANY, SHALL BE 
INCLUDED WITHIN THIS CYLINDER, BUT SHALL 
NOT BE SUBJECT TO THE MIN LIMIT OF DIA B. 

2, LEAD DIA NOT CONTROLLED IN ZONES F, TO 
ALLOW FOR FLASH, LEAD FINISH BUILDUP, 
AND MINOR IRREGULARITIES OTHER THAN 
HEAT SLUGS. 


x 





All JEDEC dimensions and notes apply 
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PACKAGE OUTLINE DIMENSIONS (continued) 





CASE 79-04 (TO-205AD) TO-39 METAL CASE 79 STYLES DIMENSIONING AND TOLERANCING PER ANS 


Y14.5M, 1982. 

CONTROLLING DIMENSION: INCH. 

DIMENSION J MEASURED FROM DIMENSION A 

MAXIMUM. 

. DIMENSION B SHALL NOT VARY MORE THAN 0.25 
(0.010) IN ZONE R. THIS ZONE CONTROLLED FOR 
AUTOMATIC HANDLING. 

. DIMENSION F APPLIES BETWEEN DIMENSION P 
AND L. DIMENSION D APPLIES BETWEEN 
DIMENSION L AND K MINIMUM. LEAD DIAMETER 
1S UNCONTROLLED IN DIMENSION P AND 


— 


wr 


Ny 
oe 


= 
wo 
wn 






















































BEYOND DIMENSION K MINIMUM, 
STYLE 5: 
STYLE 1: PIN 1. COLLECTOR 
PIN 1. EMITTER 2. BASE 
2. BASE 3. EMITTER 
3. COLLECTOR 
STYLE 6: 
STYLE 2: PIN 1. SOURCE STYLE 9: 
PIN 1. DRAIN 2. GATE PIN 1. SOURCE 
2. SOURCE 3. DRAIN 2, DRAIN 
0.008 3. GATE (CASE) 3. GATE 
STYLE 3: STYLE 7: STYLE 10: 
PIN 1. CATHODE PIN 1. DRAIN PIN 1. COLLECTOR 
2. GATE 2. GATE 2. EMITTER 
3, ANODE 3. SOURCE 3. BASE 
STYLE 4: STYLE 8: STYLE 11: 
PIN 1. MAIN TERM. 1 PIN 1. ANODE PIN 1. ANODE 
2. GATE 2. ANODE 2. OPEN 
3. MAIN TERM. 2 3. CATHODE 3. CATHODE 
CASE 182-02 (TO-226AC) TO-92 PLASTIC 
NOTES: 
1. CONTOUR OF PACKAGE BEYOND ZONE P 1S 
CONTROLLED. 
2. DIMENSION F APPLIES BETWEEN H AND L. 
DIMENSION D AND S APPLIES BETWEEN L AND 
12.70mm (0.5") FROM SEATING PLANE. LEAD 
DIMENSION IS UNCONTROLLED IN H AND 
1 BEYOND 12.70mm (0.5") FROM SEATING PLANE. 
2 3. 182-01 AND 182-03 OBSOLETE, NEW STANDARD 
182-02. 





STYLE 1: 
PIN 1. ANODE 
2. CATHODE 





STYLE 2: 
PIN 1. CATHODE 
2, ANODE 


R STYLE 3: 
Cc PIN 1. MAIN TERMINAL 1 
2. MAIN TERMINAL 2 


SECT. A-A 











N 
CASE 318-07 TO-236AB (SOT-23) PLASTIC CASE 318 STYLES : 
NOTES: 
STYLE 6: STYLE 12: STYLE 18: 
i Wace Een PIN1. BASE PIN1. CATHODE PIN 1. NO CONNECTION 
2. CONTROLLING DIMENSION: INCH. 2. EMITTER 2. CATHODE 2, CATHODE 
3. MAXIMUM LEAD THICKNESS INCLUDES LEAD 3. COLLECTOR 3. ANODE 3. ANODE 
FINISH THICKNESS. MINIMUM LEAD THICKNESS 
IS THE MINIMUM THICKNESS OF BASE MATERIAL. STYLE 7: STYLE 13: STYLE 19: 
4. 318-03 OBSOLETE, NEW STANDARD 318-07. PIN1. EMITTER PIN 1. SOURCE PIN 1. CATHODE 
2. BASE 2. DRAIN 2. ANODE 
on ee METERS | —_INCHES J 3. COLLECTOR 3. GATE 3. CATHODE-ANODE 
| MIN | MAX | MIN | MAX | 
| A | 280 | 3.04 | 0.1102] 0.1197 | STYLE 8: STYLE 14: STYLE 20: 
| B PIN 1. ANODE PIN 1. CATHODE PIN1. CATHODE 
2. NO CONNECTION 2. GATE 2. ANODE 
|_D | 3. CATHODE 3. ANODE 3. GATE 
| G | 
| H | STYLE 9: STYLE 15: STYLE 21: 
PIN1, ANODE PIN’. GATE PIN1. GATE 
2. ANODE 2. CATHODE 2. SOURCE 
3. CATHODE 3. ANODE 3. DRAIN 
STYLE 10: STYLE 16: STYLE 22: 
PIN 1. DRAIN PIN 1. ANODE PIN 1. RETURN 
2. SOURCE 2. CATHODE 2. OUTPUT 
3. GATE 3. CATHODE 3. INPUT 
STYLE 11: STYLE 17: STYLE 23: 
PIN 1. ANODE PIN 1. NO CONNECTION PIN1, ANODE 
2. CATHODE 2. ANODE 2. ANODE 
3. CATHODE-ANODE 3. CATHODE 3. CATHODE 
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PACKAGE OUTLINE DIMENSIONS (continued) 


CASE 318D-03 (SC-59) 













STYLE 1: - STYLE 3: STYLE 5: 
PIN 1. EMITTER PIN 1. ANODE PIN 1. CATHODE 
2. BASE 2. ANODE 2. CATHODE 
3. COLLECTOR 3. CATHODE 3. ANODE 
STYLE 2: * STYLE 4: STYLE 6: 
PIN 1. N.C. PIN 1. N.C. PIN 1. CATHODE 
2. ANODE 2. CATHODE 2. ANODE 
3. CATHODE ==—— 3. ANODE 3. ANODE/CATHODE 
< > NOTES: 
A 1. DIMENSIONING AND TOLERANCING PER ANS! 
ees | pr gi Y15.5M, 1982. 
2. CONTROLLING DIMENSION: MILLIMETERS. 
I al Y 
ain | MAK] 
S B 
| — 30 | 0.0394 | 0.0511 
y UW: 4 
al] 
eta om. 


Q 
QoQ 
OQ 
> 
QoQ 
OQ 
Oo 
= 
Oo 
ine) 


slo 
food tae 
iw 
Opa 





<o>| 






bad bed el 
S\o 
BIS 
ol 
HCO] 


0.0985 | 0.1181 


STYLE 1: 
PIN. 1, COLLECTOR 
2. BASE 
3. EMITTER 
4. NO CONNECTION 
5, EMITTER 
6. BASE 
7. COLLECTOR 
8. COLLECTOR 
9, BASE 
10. EMITTER 
11. NO CONNECTION 
12, EMITTER 
13. BASE 
14, COLLECTOR 


NOTES: 


FLASH. 


1, LEADS WITHIN 0.13 mm (0,005) RADIUS OF TRUE 
POSITION AT SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION “L” TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSION “B” DOES NOT INCLUDE MOLD 


4, ROUNDED CORNERS OPTIONAL. 


CASE 318E-04 (SOT-223) 


STYLE 1: STYLE 3: STYLE 5: Sy; 
PIN 1, BASE PIN1. GATE PIN1. DRAIN 1 Ki 
2. COLLECTOR 2. DRAIN 2 GATE 2 Le 


3. EMITTER 3. SOURCE 3. SOURCE 
4 COLLECTOR 4. DRAIN 4 GATE 3 





STYLE 2: STYLE 4: STYLE 6: 
PIN1. ANODE PINt. SOURCE ~ piNi. rETURN NOTES: 
“<2, CATHODE 2. DRAIN 2. {NPUT 1. DIMENSIONING AND TOLERANCING PER ANSI 
3. NC 3. GATE 3. OUTPUT Y14.5M, 1982. 
4. CATHODE 4. DRAIN 4. INPUT 2. CONTROLLING DIMENSION: MILLIMETERS. 
A 


MILLIMETERS INCHES 


[o>] 
w 
Oo 
cop] 
~ 
Oo 
o 
Nm 
= 
oO 
Oo 
NM 
[o>] 
aw 


alesse) 


| ae 
| Ss iz 
iy 

Wal 


ao D 
eerie 4 


wo 
wo 
oS 
wo 
~ 
3S 
2° 
a 
w 
o 
oO 
a 
-p 
on 


_ 
on 
Oo 


ola 
cols 
olan 
o|o 
Oo 
ro) 
oO 
SISc|K 
Oo 
ty 
tes 





lho 
S/S 
S\° 


Sis 


~lolo 
wlio 
Lond BG ESS) 
3° 
rwlo 
Ole] 
Slalfo 
S 
e\ycjers 
elolo 
DISIS 
SIBIS 
eo 
Slolo 
oljolo 
SWalS 
oA se 
Ss 


ro|po 
NO} 
Do 


O|r]}oo 


° 
for] 
or 
= 
a 
Fan) 
OH 
° 
¢ S 
Oo 
Ww 
3 
o| jo 
Oo 
ole 
2 |= 





LA 
|B 
cag 
| 
LJ | 
| K | 
| M_ | 
[_S_| 


7.30 | 0.264 


A 


‘v 
Th 


STYLE 5: 
PIN 1. GATE 

2. DRAIN 

3, SOURCE 

4. NO CONNECTION 
5. SOURCE 

6. DRAIN 

7. GATE 

8. GATE 

9, DRAIN 
10. SOURCE 

11. NO CONNECTION 
12. SOURCE 

13. DRAIN 

14. GATE 














Pe MILLIMETERS | INCHES | 
| MIN | 


| MAX | MIN | MAX | 
| a | 1916 { 1956 [ 0.715 | 0.770 | 
| 6.60 | 0.240 | 0.260_| 








NOTES: 


— 


W DR 


> 


FLASH. 


ol 






: : = 
| 7 sl 1. 
D 16PL . 


0.25 (0.010) © 


. ROUNDED CORNERS OPTIONAL. 


. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 

. CONTROLLING DIMENSION: INCH. 

. DIMENSION “L” TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

. DIMENSION “B" DOES NOT INCLUDE MOLD 


















STYLE 1: STYLE 2: 
PIN 1. CATHODE PIN. 1. COMMON DRAIN aegis a 

2. CATHODE 2. COMMON DRAIN 
3. CATHODE 3. COMMON DRAIN [ MIN | MAX | MIN | MAX | 
4. CATHODE 4. COMMON DRAIN | 18.80 | 19.55 | 0.740 | 0.770 | 
5. CATHODE 5. COMMON DRAIN | 6.35 | 6.85 | 0.250 | 0.270 
6. CATHODE 6. COMMON DRAIN | 369 | 4.44 | 0.145 | 0.175 
7. CATHODE 7. COMMON DRAIN | 0.39 | 053 | 0.015 
8. CATHODE 8. COMMON DRAIN 0.040 | 0.070 
9, ANODE 9. GATE 
10. ANODE 10. SOURCE 1.27 BSC 
11, ANODE 11, GATE | 0.21 | 0.38 | 0.008 | 0.015 | 
12. ANODE 12, SOURCE tet 3i0 fod 0 
13, ANODE 13. GATE 7.74 | 0.295 | 0.305 | 
14. ANODE 14, SOURCE | o | we [| o | to | 
15, ANODE 15. GATE | 051 [| 1.01 | 0.020 | 0.040 | 
16. ANODE 16. SOURCE 
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PACKAGE OUTLINE DIMENSIONS (continued) 


CASE 751A-02 (SO-14) PLASTIC 


NOTES: 

1. DIMENSIONS A AND B ARE DATUMS AND TIS A 
DATUM SURFACE. 

2. DIMENSIONING AND TOLERANCING PER ANS! 
Y14.5M, 1982. 

3. CONTROLLING DIMENSION: MILLIMETER. 

4. DIMENSION A AND B DO NOT INCLUDE MOLD 
PROTRUSION. 

5. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 
PER SIDE. 








K 
A © 








CASE 751B-03 (SO-16) PLASTIC 


NOTES: 

1. DIMENSIONS A AND B ARE DATUMS AND TIS A 
DATUM SURFACE. 
DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 


nm 





w 


uo 


[+] 0.25 (0.010) ®] B® 


oA 





a 


. CONTROLLING DIMENSION: MILLIMETER. 


DIMENSION A AND 8 DO NOT INCLUDE MOLD 
PROTRUSION. 


. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 


PER SIDE. 










MILLIMETERS | INCHES | 
| MIN | MAX | MIN | MAX | 
| 0,386 | 0.393 | 


' 0.150 | 0.15 
| 0.054 | 0. 
| 0.014 | 

| 0.016 _| 
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ao 
s 
ow 
212 |: 
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INFORMATION FOR USING SMALL SIGNAL SURFACE MOUNT PACKAGES 


THERMAL INFORMATION 


The power dissipation of.small signal surface mount 
packages is generally a function of the collector/drain pad 
size. This can vary from the minimum pad size for soldering 
to a pad size given for maximum power dissipation. Power 
dissipation for a surface mount device is determined by 
Tmax the maximum rated junction temperature of the die, 

gua’ the thermal resistance from the device junction to 
ambient, and the operating temperature, T,. Using the 
values provided on the data sheet for the SOT-23 package, 
P, can be calculated as follows. 

T -T 


J(max) A 


P_ = 


D 


R 


QJA 


The values for the equation are found in the maximum 
ratings table on the data sheet. Substituting these values 


into the equation for an ambient temperature T, of 25°C, 
one can calculate the power dissipation of the device which 
in this case is 225 milliwatts. 


150°C - 25°C 
—_—__—_ = 225milliwatts 
0.556° C/mW 


The 0.556 °C/mW for the SOT-23 package assumes the 
recommended collector/drain pad area of 37 mil? on FR-4 
glass epoxy printed circuit board to achieve a power 
dissipation of 225 milliwatts using the footprint shown. 
Another alternative is to use a ceramic substrate or an 
aluminum core board such as Thermal Clad. By using 
an aluminum core board material such as Thermal Clad, 
the power dissipation can be doubled using the same 
footprint. | 


GENERAL SOLDERING PRECAUTIONS 


The melting temperature of solder is higher than the rated 
temperature of the device. When the entire device is heated 
to a high temperature failure to complete soldering within a 
short time could result in device failure. Therefore, the 
following items should always be observed in order to 
minimize the thermal stress to which the devices are 
subjected. 


e Always preheat the device . 

e« The delta temperature between the preheat and 
soldering should be 100°C or less* 

e When preheating and soldering, the temperature of 
the leads and the case must not exceed the maximum 
temperature ratings as shown on the data sheet. 
When using infrared heating with the reflow 
soldering method, the difference in temperatures of 
the case and the leads shall be “10°C or less. 


e The soldering temperature and time shall not 
exceed 260°C for more than 10 seconds 


_¢ When shifting from preheating to soldering, the 


maximum temperature gradient shall be 5°C or less 
e After soldering has been completed, the device 
should be allowed to cool naturally for three minutes 
or more. Gradual cooling should be used as 
forced cooling will increase the temperature 
gradient and result in latent mechanical stress 
¢ One should not apply mechanical stress or shock 
during cooling 


* Soldering a device without preheating can cause 
excessive thermal shock and stress which can result 
in damage to the device : 
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MINIMUM RECOMMENDED FOOTPRINTS FOR SURFACE MOUNTED APPLICATIONS 


Surface mount board layout is a critical portion of the total tant with regard to the power dissipation. With the correct pad 
design. The footprint for the semiconductor packages must be geometry, the packages will self align when subjected to a solder 
the correct size to insure proper solder connection interface reflow process. The recommended footprints for the SC-59, 
between the board and the package. The footprint is also impor- SOT-223, SOT-23, SO-14 and SO-16 are shown below. 


0037 
0.95 (0.033) 


lpia 0.85 + 0.1 


Y 





(0.074) 
19 












(0.079) (0.033) | 
0.039 2 0.85 + 0.1 
1.0 
| 0.031 | 
“08° (==) —— (0.037) inches 
mm = ohh. 


SC-59 SOT-23 


7oooo- 


0.245” 0.160” 
MIN + 0.005" 


“TOOL \ooo0~ 
a a - ocor = ome] Le >| becuse ne 


(see) 
SOT-223 mm SO-8, OPTO SO-8, SO-14, SO-16 


0.079 0.045” + 0.005” 
20 
_— 0.150 
3.8 0.346 
88 





MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


8-7 





Application Note Abstracts 


(Application Notes are available upon request.) 


AN-211A Field-Effect Transistors in 
Theory and Practice 


The basic theory, construction, and ee information for 
field-effect transistors (junction and MOS types) are given. Also 
included are some typical test circuits for checking FET 
parameters. 


AN-220 FETs in Chopper and Analog 
Switching Circuits 


The author's discussion begins with elementary chopper and 
analog switch characteristics — explores fully the considerations 
required for conventional FET chopper and analog switch design 
~— and finishes with specific FET circuit examples. 


AN-847 Tuning Diode Design 
Techniques 


Tuning diodes are voltage variable capacitors employing the 
junction capacitance of a reverse biased PN junction. This note 
presents a simplified theory of tuning diodes and discusses a 
number of considerations to be employed in designs using tuning 
diodes. 


AR-300 The Hidden Dangers of 
Electrostatic Discharge — ESD 


An in-depth discussion on damage from electrostatic 
discharge to electronic components. This article covers topics 
such as ESD Generation, electronic component susceptibility to 
ESD, typical electrostatic voltages, damage to specific families 
of electronic devices, static-sensitive components, static 
protection, combatting ESD and the importance of electronic 
component packaging. 
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This Reliability and Quality Assurance section contains infor- 
mation on the measurement of outgoing quality, reliability data 
analysis, reliability stress test descriptions with the applicable 
MIL-STD methods, statistical process control techniques, and 
quality assurance processing. 


Reliability and 
Quality Assurance 
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OUTGOING QUALITY 


The Average Outgoing Quality (AOQ) refers to the number of 
devices per million that are outside the specification limits at the 


time of shipment. Motorola has established Six Sigma goals to | 


improve its outgoing quality and will continue its “error free 
performance’ focus to achieve the goal of zero parts per million 
(PPM) outgoing quality. Motorola’s present quality level has lead 
to vendor certification programs with many of its customers. 
These programs ensure a level of quality which allows the 
customer either to reduce or eliminate the need for incoming 
inspections. 


AVERAGE OUTGOING QUALITY (AOQ) CALCULATION 


AQQ = (Process Average) « (Probability of Acceptance) 
e (106) (PPM) 


Total Projected Reject Devices 
Total Number of Devices 
Defects in Sample 
Sample Size 


e Process Average = 


e Projected Reject Devices = e Lot Size 


e Total Number of Devices = Sum of units in each 
submitted lot 


Number of Lots Rejected 


e Probability of Acceptance = 1 — “Numberor Lois Tested’ 


e 106 = Conversion to parts per million (PPM) 


RELIABILITY DATA ANALYSIS 


Reliability is the probability that a semiconductor device will 
perform its specified function in a given environment for a 
specified period. In other words, reliability is quality over time and 
environmental conditions. The most frequently used reliability 
measure for semiconductor devices is the failure rate (A ). The 
failure rate is obtained by dividing the number of failures observed 
by the product of the number of devices on test and the interval in 
hours, usually expressed as percent per thousand hours or 
failures per billion device hours (FITS). This is called a point 
estimate because it is obtained from observations on a portion 
(sample) of the population of devices. 

To project from the sample to the population in general, one 
must establish confidence intervals. The application of 
confidence intervals is a statement of how “confident” one is that 
the sample failure rate approximates that for the population. To 
obtain failure rates at different confidence levels, itis necessary to 
make use of specific probability distributions. The chi-square (72) 
distribution that relates observed and expected frequencies of an 
event is frequently used to establish confidence intervals. The 
relationship between failure rate and the chi-square distribution is 
as follows: 


x2 (ca, d. f.) 
h= ot 








where: | 
A = failure rate 
X%2 = chi-square function | 
= (100—confidence level) /100 ~ 
d.f. = degrees of freedom = 2r+2 _ 
r= number of failures 
t = device hours Bs 
Chi-square values for 60% and 90% confidence intervals for 
up to 12 failures are shown below. 


Chi-Square Table 


—_ Chi-Square Distribution Function 


60% Confidence Level ~ 90% Confidence Level 


(o>) 


ONOnRWND=AO- 


{ 
2 
3 
4 
5 
6 
7 
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The failure rate of semiconductor devices is inherently low. As 
a result, the industry uses a technique called accelerated testing 
to assess the reliability of semiconductors. During accelerated 
tests, elevated stresses are used to produce, ina short period, the 
same failure mechanisms as would be observed under normal 
use conditions. The objective of this testing is to identify these 
failure mechanisms and eliminate them as a cause of failure 
during the useful life of the product. 

Temperature, relative humidity, and voltage are the most 
frequently used stresses during accelerated testing. Their 
relationship to failure rates has been shown to follow an Eyring 
type of equation of the form: 


=A exp(okT) e exp(B/RH) ¢ exp(CE) 


Where A, B, C, 0, andk are constants, more specifically B, C, 
and $ are numbers representing the apparent energy at which 
various failure mechanisms occur. These are called activation 
energies. “T” is the temperature, “RH” is the relative humidity, and 
“E” is the electric field. The most familiar form of this equation 
(shown on following page) deals with the first exponential term 
that shows an Arrhenius type relationship of the failure rate versus 
the junction temperature of semiconductors. The junction 
temperature is related to the ambient temperature through the 
thermal resistance and power dissipation. Thus, we can test 
devices near their maximum junction temperatures, analyze the 
failures to assure that they are the types that are accelerated by 
temperature and then by applying known acceleration factors, 
estimate the failure rates for lower junction temperatures. 

The Table on the following page shows observed activation 
energies with references. 
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Table 1 —- Time Dependent Failure Mechanisms in Semiconductor Devices 
(Applicable to Discrete and Integrated Circuits) 


Device Relevant 
Association Factors 
Silicon Oxide Surface Charges Mobile lons 
Silicon-Silicon Inversion, Accumulation {| E/V, T 
Oxide Interface 
Oxide Pinholes E/V, T 
Dielectric Breakdown E/V, T 
(TDDB) 
Charge Loss EST 
Metallization Electromigration T, J 
Grain Size 
Doping 
Corrosion Contamination 
Chemical 
Galvanic 
Electrolytic 
Bond and Other Intermetallic T, Impurities 
Mechanical Interfaces | Growth Bond Strength 
Various Wafer Fab, Metal Scratches TV 


Assembly, and 
Silicon Defects 


Mask Defects, etc. 
Silicon Defects 


Typical 
Accelerating Activation 
Factors Energy in eV Reference 
T,V Fitch, et al. 1A 
Peck 2 
a | 0.7 - 1.0 (Bipolar) | 1984WRS 18 
1.0 (Bipolar) Hokari, et al. 
E,T 0.3-0.4 (MOS) Domangue, et al. | 3 
0.3 (MOS) Crook, D.L. 4 
ae 0.8 (MOS) Gear, G. 11 
EPROM . 
J,T 1.0 Nanda, et al. 6 
Large grain Al 
(glassivated) 
0.5 Black, J.R. 7 
Smail grain Al 
0.7 Black, J.R. 12 
Cu-Al/Cu-Si-Al 
(sputtered) 
H, E/V, T 0.6-0.7 Lycoudes, N.E. 8 
(for electrolysis) 
E/V may have 
thresholds 
T 1.0 (Au/Al) Fitch, W.T. 9 
T,V 0.5-0.7 eV Howes, et al. 10 
0.5 eV MMPD 13 


V = voltage; E = electric field; T = temperature; J = current density; H = humidity 


NO. 


1A 


1B 


REFERENCE 


1.0 eV activation for leakage type failures. 

Fitch, W.T.; Greer, P.; Lycoudes, N.; “Data to Support 0.001%/1000 Hours for 
Plastic \/C’s.” Case study on linear product shows 0.914 eV activation energy 
which is within experimental error of 0.9 To 1.3 eV activation energies for 
reversible leakage (inversion) failures reported in the literature. 


0.7 To 1.0 eV for oxide defect failures for bipolar structures. This is under 


investigation subsequent to information obtained from 1984 Wafer Reliability 
Symposium, especially for bipolar capacitors with silicon nitride as dielectric. 


1.0 eV activation for leakage type failures. 


Peck, D.S.; “New Concerns About Integrated Circuit Reliability” 1978 Reliability 
Physics Symposium. 


0.36 eV for dielectric breakdown for MOS gate structures. 


Domangue, E.; Rivera, R.; Shedard, C.; “Reliability Prediction Using Large MOS 
Capacitors”, 1984 Reliability Physics Symposium. 


0.3 eV for dielectric breakdown. 


Crook, D.L.; “Method of Determining Reliability Screens for Time Dependent 
Dielectric Breakdown”, 1979 Reliability Physics Symposium. 


1.0 eV for dielectric breakdown. 
Hokari, Y.; et al.; IEDM Technical Digest, 1982. 


10 


11 


12 
13 





1.0 eV for large grain Al-Si (compared to line width). 

Nanda, Vangard, Gj-P; Black, J.R.; “Electromigration of Al-Si Alloy Films”, 1978 
Reliability Physics Symposium. 

0.5 eV Al, 0.7 eV Cu-Al small grain (compared to line width). 

Black, J.R.; “Current Limitation of Thin Film Conductor” 1982 Reliability Physics 
Symposium. 

0.65 eV for corrosion mechanism. 

Lycoudes, N.E.; “The Reliability of Plastic Microcircuits in Moist Environments”, 
1978 Solid State Technology. 

1.0 eV for open wires or high resistance bonds at the pad bond due to Au-Al 
intermetallics. 

Fitch, W.T.; “Operating Life vs Junction Temperatures for Piastic Encapsulated I/C 
(1.5 mil Au wire)”, unpublished report. 

0.7 eV for assembly related defects. : 

Howes, M.G.; Morgan, D.V.; “Reliability and Degradation, Semiconductor Devices 
and Circuits” John Wiley and Sons, 1981. 

Gear, G.; “FAMOUS PROM Reliability Studies”, 1976 Reliability Physics 
Symposium 

Black, J.R.: unpublished report. 


Motorola Memory Products Division; unpublished report. 
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THERMAL RESISTANCE 


Circuit performance and long-term circuit reliability are 
affected by die temperature. Normally, both are improved by 
keeping the junction temperatures low. 

Electrical power dissipated in any semiconductor device is a 
source of heat. This heat source increases the temperature of the 
die about some reference point, normally the ambient 
temperature of 25° C in still air. The temperature increase, then, 
depends on the amount of power dissipated in the circuit and on 
the net thermal resistance between the heat source and the 
reference point. 

The temperature at the junction depends on the packaging 
and mounting system’s ability to remove heat generated in the 
circuit from the junction region to the ambient environment. The 
basic formula for converting power dissipation to estimated 
junction temperature is: 


Ty = TA + Pp (6NC + 8CA) (1) 
Or: 


Ty =TA + PD (@JA) (2) 
where: 
Ty = maximum junction temperature 
TA = Maximum ambient temperature 


Pp = calculated maximum power dissipation, including 
effects of external loads when applicable 


_ @JC = average thermal resistance, junction to case 
OCA = average thermal resistance, case to ambient 
0A = average thermal resistance, junction to ambient 


This Motorola recommended formula has been approved by 
RADC and DESC for calculating a “practical” maximum operating 
junction temperature for MIL-M-38510 devices. 

Only two terms on the right side of equation (1) can be varied 
by the user, the ambient temperature and the device 


case-to-ambient thermal resistance, 8c,. (To some extent the 





device power dissipation can also be controlled, but under — 
recommended use the supply voltage and loading dictate a fixed 
power dissipation.) Both system air flow and the package 
mounting technique affect the 9c thermal resistance term. Ojc 
is essentially independent of air flow and external mounting 
method, butis sensitive to package material, die bonding method, 
and die area. 

For applications where the case is held at essentially a fixed 
temperature by mounting on a large or temperature controlled 
heat sink, the estimated junction temperature is calculated by: 


Ty = Tc + Pp (8c) (3) 
where TC = maximum case temperature and the other 
parameters are as previously defined. 


AIR FLOW 


Airflow over the packages (due to a decrease in 9) reduces 
the thermal resistance of the package, therefore permitting a 
corresponding increase in power dissipation without exceeding 
the maximum permissible operating junction temperature. 

For thermal resistance values for specific packages, see the 
Motorola Data Book or Design Manual for the appropriate device 
family or contact your local Motorola sales office. 


ACTIVATION ENERGY 


Determination of activation energies is accomplished by 
testing randomly selected samples from the same population at 
various stress levels and comparing failure rates due to the same 
failure mechanism. The activation energy is represented by the 
slope of the curve relating to the natural logarithm of the failure 
rate to the various stress levels. 

In calculating failure rates, the comprehensive method is to 
use the specific activation energy for each failure mechanism 
applicable to the technology and circuit under consideration. A 
common alternative method is to use a single activation energy 
value for the “expected” failure mechanism(s) with the lowest 
activation energy. . 
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RELIABILITY STRESS TESTS 


The following are brief descriptions of the reliability tests 
commonly used in the reliability monitoring program. Not all of the 
tests listed are performed by each product division. Other tests 
may be performed when appropriate. 


AUTOCLAVE (aka, PRESSURE COOKER) 


Autoclave is an environmental test which measures device 
resistance to moisture penetration and the resultant effects of 
galvanic corrosion. Autoclave is a highly accelerated and 
destructive test. 
Typical Test Conditions: Ta = 121° C, rh= 100%, p=1 
atmosphere (15 psig), t = 24 to 96 hours 
Common Failure Modes: Parametric shifts, high 
leakage and/or catastrophic 
Common Failure Mechanisms: Die corrosion or 
contaminants such as foreign material on or within the 
package materials. Poor package sealing 


HIGH HUMIDITY HIGH TEMPERATURE BIAS 
(H3TB, H3TRB, or THB) 


This is an environmental test designed to measure the moisture 
resistance of plastic encapsulated devices. A bias is applied to 
create an electrolytic cell necessary to accelerate corrosion of the 
die metallization. With time, this is a catastrophically destructive 
test. 


Typical Test Conditions: Ta = 85° Cto95° C, rh=85% 
to 95%, Bias = 80% to 100% of Data Book max. rating, t = 
96 to 1750 hours 

Common Failure Modes: Parametric shifts, high 
leakage and/or catastrophic 

Common Failure Mechanisms: Die corrosion or 
contaminants such as foreign material on or within the 
package materials. Poor package sealing 


HIGH TEMPERATURE GATE BIAS (HTGB) 


This test is designed to electrically stress the gate oxide under a 
bias condition at high temperature. 


Typical Test Conditions: Ta = 150° C, Bias = 80% of 
Data Book max. rating, t= 120 to 1000 hours 

Common Failure Modes: Parametric shifts in gate 
leakage and gate threshold voltage 

Common Failure Mechanisms: Random oxide defects 
and ionic contamination 

Military Reference: MIL-STD-750, Method 1042 


HIGH TEMPERATURE REVERSE BIAS (HTRB) 


The purpose of this test is to align mobile ions by means of 
temperature and voltage stress to form a high-current leakage 
path between two or more junctions. 
Typical Test Conditions: Ta = 85° C to 150° C, Bias = 
80% to 100% of Data Book max. rating, t = 120 to 1000 
hours 
Common Failure Modes: Parametric shifts in leakage 
and gain 
Common Failure Mechanisms: lonic contamination on 
the surface or under the metallization of the die 
Military Reference: MIL-STD-750, Method 1039 


HIGH TEMPERATURE STORAGE LIFE (HTSL) 


High temperature storage life testing is performed to accelerate 
failure mechanisms which are thermally activated through the 
application of extreme temperatures. 


Typical Test Conditions: T, = 70° C to 200° C, no bias, t 
= 24 to 2500 hours 

Common Failure Modes: Parametric shifts in leakage 
and gain 

Common Failure Mechanisms: Bulk die and diffusion 
defects 

Military Reference: MIL-STD-750, Method 1032 


INTERMITTENT OPERATING LIFE (IOL) 


The purpose of this test is the same as SSOL in addition to 
checking the integrity of both wire and die bonds by means of 
thermal stressing. 
Typical Test Conditions: Ta = 25° C, Pd = Data Book 
maximum rating, Ton = Toff=A of 50° C to 100° C, t= 42 to 
30000 cycles 
Common Failure Modes: Parametric shifts and 
catastrophic 
Common Failure Mechanisms: Foreign material, crack 
and bulk die defects, metallization, wire and die bond 
defects 
Military Reference: MIL-STD-750, Method 1037 
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MECHANICAL SHOCK 


This test is used to determine the ability of the device to withstand 

a sudden change in mechanical stress due to abrupt changes in 

motion as seen in handling, transportation, or actual use. 
Typical Test Conditions: Acceleration = 1500 g’s, 
Orientation = X71, Yj, Yo plane, t = 0.5 msec, Blows = 5 
Common Failure Modes: Open, short, excessive 
leakage, mechanical failure | 
Common Failure Mechanisms: Die and wire bonds, 
cracked die, package defects 
Military Reference: MIL-STD-750, Method 2015 


MOISTURE RESISTANCE 


The purpose of this test is to evaluate the moisture resistance of 
components under temperature/humidity conditions typical of 
tropical environments. 
Typical Test Conditions: Ta =—10° C to 65° C, rh=80% 
to 98%, t = 24 hours/cycle, cycle = 10 | 
Common Failure Modes: Parametric shifts in leakage 
and mechanical failure 
Common Failure Mechanisms: © Corrosion — or 
contaminants on or within the package materials. Poor 
package sealing 
Military Reference: MiIL-STD-750, Method 1021 


SOLDERABILITY 


The purpose of this test is to measure the ability of device 
leads/terminals to be soldered after an extended period of storage 
(shelf life). 
Typical Test Conditions: Steam aging = 8 hours, Flux = 
R, Solder = Sn60, Sn63 
Common Failure Modes: Pin holes, dewetting, 
non-wetting 
Common Failure 
contaminated leads 
Military Reference: MIL-STD-750, Method 2026 


SOLDER HEAT 


This test is used to measure the ability of a device to withstand the 
temperatures as may be seen in wave soldering operations. 
Electrical testing is the endpoint criterion for this stress. 

Typical Test Conditions: Solder Temperature = 260° C, t 

= 10 seconds 

Common Failure Modes: Parameter shifts, mechanical 

failure 

Common Failure Mechanisms: Poor package design 

Military Reference: MIL-STD-750, Method 2031 


Mechanisms: Poor plating, 


STEADY STATE OPERATING LIFE (SSOL) 


The purpose of this test is to evaluate the bulk stability of the die 

and to generate defects resulting from manufacturing aberrations 

that are manifested as time and stress-dependent failures. 
Typical Test Conditions: Ta = 25° C, Pp = Data Book | 
maximum rating, t= 16 to 1000 hours 
Common Failure Modes: Parametric shifts an 
catastrophic 
Common Failure Mechanisms: Foreign material, crack 
die, bulk die, metallization, wire and die bond defects 
Military Reference: MIL-STD-750, Method 1026 


TEMPERATURE CYCLING (AIR TO AIR) 


The purpose of this test is to evaluate the ability of the device to 
withstand both exposure to extreme temperatures and transitions 
between temperature extremes. This testing will also expose 
excessive thermal mismatch between materials. 

Typical Test Conditions: Ta =—65° C to 200° C, cycle = 

10 to 4000 

Common Failure Modes: Parametric shifts and 

catastrophic 

Common Failure Mechanisms: Wire bond, cracked or 

lifted die and package failure 

Military Reference: MIL-STD-750, Method 1051 


THERMAL SHOCK (LIQUID TO LIQUID) 


The purpose of this test is to evaluate the ability of the device to 
withstand both exposure to extreme temperatures and sudden 
transitions between temperature extremes. This testing will also 
expose excessive thermal mismatch between materials. 

Typical Test Conditions: Ta = 0° C to 100° C, cycle = 20 

to 300 

Common Failure Modes: Parametric shifts and 

catastrophic 

Common Failure Mechanisms: Wire bond, cracked or 

lifted die and package failure 

Military Reference: MIL-STD-750, Method 1056 


VARIABLE FREQUENCY VIBRATION 


This test is used to examine the ability of the device to withstand 
deterioration due to mechanical resonance. . 
Typical Test Conditions: Peak acceleration = 20 g's, 
Frequency range = 20 Hz to 20 KHz, t = 48 minutes. 
Common Failure Modes: Open, short, excessive 
leakage, mechanical failure 
Common Failure Mechanisms: Die and wire bonds, 
cracked die, package defects 
Military Reference: MIL-STD-750, Method 2056 
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STATISTICAL PROCESS CONTROL 


Motorola’s Discrete and Materials Technologies Group 
(DMTG) is continually pursuing new ways to improve product 
quality. Initial design improvementis one method that can be used 
to produce a Superior product. Equally important to outgoing 
product quality is the ability to produce product that consistently 
conforms to specification. Process variability is the basic enemy 
of semiconductor manufacturing since it leads to product 
variability. Used in all phases of Motorola’s product 
manufacturing, STATISTICAL PROCESS CONTROL (SPC) 
replaces variability with predictability. The traditional philosophy 
in the semiconductor industry has been adherence to the data 
sheet specification. Using SPC methods assures the product will 
meet specific process requirements throughout the 
manufacturing cycle. The emphasis is on defect prevention, not 
detection. Predictability through SPC methods requires the 
manufacturing culture to focus on constant and permanent 
improvements. Usually these improvements cannot be bought 
with state-of-the-art equipment or automated factories. With 
quality in design, process and material selection, coupled with 
manufacturing predictability, Motorola can produce world class 
products. 

The immediate effect of SPC manufacturing is predictability 
through process controls. Product centered and distributed well 
within the product specification benefits Motorola with fewer 
rejects, improved yields and lower cost. The direct benefit to 
Motorola’s customers includes better incoming quality levels, less 
inspection time and ship-to-stock capability. Circuit performance 
is often dependent on the cumulative effect of component 
variability. Tightly controlled component distributions give the 
customer greater circuit predictability. Many customers are also 
converting to just-in-time (JIT) delivery programs. These 
programs require improvements in cycle time and _ yield 
predictability achievable only through SPC techniques. The 
benefit derived from SPC helps the manufacturer meet the 
customer’s expectations of higher quality and lower cost product. 

Ultimately, Motorola will have Six Sigma capability on all 
products. This means parametric distributions will be centered 
within the specification limits with a product distribution of plus or 
minus Six Sigma about mean. Six Sigma capability, shown 
graphically in Figure 1-1, details the benefit in terms of yield and 
outgoing quality levels. This compares a centered distribution 
versus a 1.5 sigma worst case distribution shift. 

New product development at Motorola requires more robust 
design features that make them less sensitive to minor variations 
in processing. These features make the implementation of SPC 
much easier. 

A complete commitment to SPC is present throughout 
Motorola. All managers, engineers, production operators, 
supervisors and maintenance personnel have received multiple 
training courses on SPC techniques. Manufacturing has 
identified 22 wafer processing and 8 assembly steps considered 
critical to the processing of semiconductor products. Processes, 
controlled by SPC methods, that have shown significant 
improvement are in the diffusion, photolithography and 
metallization areas. 





-60 -50 -40 -30 -20 -10 0 10 20 360 40 50 60 
Standard Deviations From Mean 


Distribution Shifted + 1.5 


66810 ppm defective 
93.32% yield 


6210 ppm defective 
99.379% yield 

233 ppm defective 
99.9767% yield 


3.4 ppm defective 
99.99966% yield 


Distribution Centered 
At+ 3 6 2700 ppm defective 
99.73% yield 
At+406 63 ppm defective 

99.9937% yield 


At+50 0.57 ppm defective 
99.999943% yield 


At +606 0.002 ppm defective 
99.9999998% yield 


Figure 1-1 — AOQL and Yield from a Normal 
Distribution of Product With 60 Capability 





To better understand SPC principles, brief explanations have 
been provided. These cover process capability, implementation 
and use. 


PROCESS CAPABILITY 


One goal of SPC is to ensure a process is CAPABLE. 
Process capability is the measurement of a process to produce 
products consistently to specification requirements. The purpose 
of aprocess capability study is to separate the inherent RANDOM 
VARIABILITY from ASSIGNABLE CAUSES. Once completed, 
steps are taken to identify and eliminate the most significant 
assignable causes. Random variability is generally present in the 
system and does not fluctuate. Sometimes, these are considered 
basic limitations associated with the machinery, materials, 
personnel skills or manufacturing methods. Assignable cause 
inconsistencies relate to time variations in yield, performance or 
reliability. 

Traditionally, assignable causes appear to be random due to 
the lack of close examination or analysis. Figure 1-2 shows the 
impact on predictability that assignable cause can have. 
Figure 1-3 shows the difference between process control and 
process capability. 

A process capability study involves taking periodic samples 
from the process under controlled conditions. The performance 
characteristics of these samples are charted against time. Intime, 
assignable causes can be identified and engineered out. Careful 
documentation of the process is key to accurate diagnosis and 
successful removal of the assignable causes. Sometimes, the 
assignable causes will remain unclear requiring prolonged 
experimentation. 

Elements which measure process variation control and 
capability are Cp and Cpk respectively. Cp is the specification 
width divided by the process width or Cp = (specification width) / 
60. Cpk is the absolute value of the closest specification value to 
the mean, minus the mean, divided by half the process width or 
Cpk = | closest specification —y /3g. 
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Process “under control” — all assignable causes are 
removed and future distribution is predictable. 


Figure 1-2 — Impact of Assignable Causes 
on Process Predictable 


At Motorola, for critical parameters, the process capability is 
acceptable with a Cpk = 1.33. The desired process capability is a 
Cpk =2 and the ideal is a Cpk = 5. Cpk, by definition, shows where 
the current production process fits with relationship to the 
specification limits. Off center distributions or excessive process 
variability will result in less than optimum conditions 


SPC IMPLEMENTATION AND USE 


DMTG uses many parameters that show conformance to 
specification. Some parameters are sensitive to process 
variations while others remain constant for a given product line. 
Often, specific parameters are influenced when changes to other 
parameters occur. It is both impractical and unnecessary to 
monitor all parameters using SPC methods. Only critical 
parameters that are sensitive to process variability are chosen for 
SPC monitoring. The process steps affecting these critical 
parameters must be identified also. Itis equally important to find a 


measurement in these process steps that correlates with product. 


performance. This is called a critical process parameter. 

Once the critical process parameters are selected, a sample 
plan must be determined. The samples used for measurement 
are organized into RATIONAL SUBGROUPS of approximately 2 
to 5 pieces. The subgroup size should be such that variation 
among the samples within the subgroup remain small. All 
samples must come from the same source e.g., the same mold 
press operator, etc.. Subgroup data should be collected at 
appropriate time intervals to detect variations in the process. As 
the process begins to show improved stability, the interval may be 


In control assignable 
causes eliminated 


Out of control 
(assignable causes present) 


Lower ~——a—WUpper 
Specification Limit Specification Limit 


in control and capable 
(variation from random 
TIME variability reduced) 


in control but not capable 
(variation from random variability 
excessive) 


Figure 1-3 — Difference Between Process 
Control and Process Capability 





increased. The data collected must be carefully documented and 
maintained for later correlation. Examples of common 
documentation entries would include operator, machine, time, 
settings, product type, etc. 

Once the plan is established, data collection may begin. The 


data collected will generate X and R values that are plotted with 


respect to time. Xrefers to the mean of the values within a given 
subgroup, while R is the range or greatest value minus least 
value. When approximately 20 or more X and R values have 
been generated, the average of these values is computed as 
follows: 


=(X+ X2+ X3+...)/K 
= (R1+R2+R3+...)/K 


where K = the number of subgroups measured. 


J! >< II 


The values of Xand R are used to create the process control 
chart. Control charts are the primary SPC tool used to signal a 


problem. Shown in Figure 1-4 , process control charts show X 
and R values with respect to time and concerning reference to 
upper and lower control limit values. Control limits are computed 
as follows: 

R upper control limit = UCLR = D4 R 

R lower control limit = LCLR = D3 R 

X upper control limit = UCL x = X+ A2R 

X lower control limit = LCLX = X- A2R 
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Figure 1-4 - Example of Process Control Chart Showing Oven Temperature Data 


Where D4, D3 and A2 are constants varying by sample size, with 
values for sample sizes from 2 to 10 shown in the following partial 
table: 

n 2 3 4 5 6 rs 8 9 10 
Dg 3.27 257 2.28 2.11 200 192 186 1.82 1.78 
D3 z ° y * 0.08 0.14 0.18 0.22 
Ad 1.88 1.02 0.73 0.58 048 042 0.37 0.34 0.31 


“ For sample sizes below 7, the LCLR would technically be a 
negative number; in those cases there is no lower control limit; 
this means that for a subgroup size 6, six “identical” 
measurements would not be unreasonable. 

Control charts are used to monitor the variability of critical 
process parameters. The R chart shows basic problems with 
piece to piece variability related to the process. The X chart can 
often identify changes in people, machines, methods, etc. The 
source of the variability can be difficult to find and may require 
experimental design techniques to identify assignable causes. 

Some general rules have been established to help determine 
when a process is OUT-OF-CONTROL. Figure 1-9 shows a 
control chart subdivided into zones A, B, and C corresponding to 3 
sigma, 2 sigma, and 1 sigma limits respectively. In 
Figure 1-8 through Figure 1-6 four of the tests that can be used 
to identify excessive variability and the presence of assignable 
causes are shown. As familiarity with a given process increases, 
more subtle tests may be employed successfully. 

Once the variability is identified, the cause of the variability 
must be determined. Normally, only a few factors have a 
significant impact on the total variability of the process. The 
importance of correctly identifying these factors is stressed in the 
following example. Suppose a process variability depends on the 
variance of five factors A, B, C, Dand E. Each has a variance of 5, 
3, 2, 1 and 0.4 respectively. 

Since: 





o tot=\/ oA2 + OB2+0C2 4 OD2 +0f£2 





Oo tot = J 52 + 324224124 (0.4)2 =6.3 
Now if only D is identified and eliminated then; 





Gtot=\) 52+324+224 (0.4)2 =6.2 


This results in less than 2% total variability improvement. If B, 
C and D were eliminated, then; 





Gtot=\ 52+ (0.4)2 =5.02 


This gives a considerably betterimprovement of 23%. IfonlyA 
is identified and reduced from 5 to 2, then; 





Gtot=V 224324224124 (0.4/2 =43 | 

Identifying and improving the variability from 5 to 2 gives us a 
total variability improvement of nearly 40%. 

Most techniques may be employed to identify the primary 
assignable cause(s). Out-of-control conditions may be correlated 
to documented process changes. The product may be analyzed 
in detail using best versus worst part comparisons or Product 
Analysis Lab equipment. Multi-variance analysis can be used to 
determine the family of variation (positional, critical or temporal). 
Lastly, experiments may be run to test theoretical or factorial 
analysis. Whatever method is used, assignable causes must be 
identified and eliminated in the most expeditious manner 
possible. 

After assignable causes have been eliminated, new control 
limits are calculated to provide a more challenging variability 
criteria for the process. As yields and variability improve, it may 
become more difficult to detect improvements because they 
become much smaller. When all assignable causes have been 
eliminated and the points remain within control limits for 25 
groups, the process is said to be in a state of control: 
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ZONE A (+ 3 SIGMA) 
ZONE B (+ 2 SIGMA) 
ZONE C (+ 1 SIGMA) | CENTERLINE 
ZONE C (— 1 SIGMA) 
ZONE B (- 2 SIGMA) 
ZONE A (— 3 SIGMA) 



































Figure 1-9 — Control Chart Zones Figure 1-8 — One Point Outside Control 
Limit Indicating Excessive Variability 


























Figure 1-5 — Two Out of Three Points in Zone Figure 1-7 — Four Out of Five Points in Zone B 
A or Beyond Indicating Excessive Variability or Beyond Indicating Excessive Variability 








Figure 1-6 — Seven Out of Eight Points in Zone 
C or Beyond Indicating Excessive Variability 





SUMMARY processes. Continued dedication to the SPC culture will allow 

Motorola to reach the Six Sigma and zero defect capability goals. 

Motorola is committed to the use of STATISTICAL PROCESS SPC will further enhance the commitment to TOTAL 
CONTROLS. These principles, used throughout manufacturing, CUSTOMER SATISFACTION 
have already resulted in many significant improvements to the | 
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The Replacement Devices index provides you with a list of 
devices which had been supported with data sheets in the prior 
edition of the Small-Signal Transistors, FETs and Diodes data 
book (DL126 Rev 2) but are no longer supported in this new 
edition. 

A direct or similar replacement part is listed for those devices 
which have replacement parts. Additionally, a code is provided 
for each device indicating why the device is no longer supported 
by a data sheet. Refer to the legend at the bottom of each page 
in the Replacement Devices index for an explanation of each 
code. 

Motorola is continuing to supply many of these devices. How- 
ever, all of these devices are not recommended for new design. 
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Replacement 
Devices 





DEVICE 


1N5442A 
1N5442B 
1N5447A 
1N5442A 
1N5442B 
1N5447A 
1N5447B 
1N5454A 
1N5454B 
1N5461A 


1N5461B 
1N5462A 
1N5462B 
1N5463A 
1N5463B 
1N5464A 
1N5464B 
1N5465A 
1N5465B 
1N5466A 


1N5466B 
1N5467A 
1N5467B 
1N5468A 
1N5468B 
1N5469A 
1N5469B 
1N5470A 
1N5470B 
1N5471A 


1N5471B 


1N5472A . 


1N5472B 
1N5473A 
1N5473B 
1N5474A 
1N5474B 
1N5475A 
1N5475B 
1N5476A 


1N5476B 
2N1132 


2N1132A 
2N2060 


2N2218 


2N2221 
2N2223 
2N2223 A 


2N2368 
2N2453 
2N2453A 
2N2480A 


2N2481 
2N2501 
2N2605 


REPLACEMENT 


PART 


1N5441A/3A 
1N5441B/3B 
1N5446A/8A 
1N5441A/3A 
1N5441B/3B 
1N5446A/8A 
1N5446B/8B 
1N5453A/5A 
1N5453B/5B 
1N5441A 


1N5441B 
1N5441A/3A 
1N5441B/3B 
1N5443A 
1N5443B 
1N5444A 
1N5444B 
1N5445A 
1N5445B 
1N5446A 


1N5446B 
1N5446A/8A 
1N5446B/8B 
1N5448A 
1N5448B 
1N5449A 
1N5449B 
1N5450A 
1N5450B 
1N5451A 


1N5451B 
1N5452A 
1N5452B 
1N5453A 
1N5453B 
1N5453A/5A 
1N5453B/5B 
1N5455A 
1N5455B 
1N5456A 


1N5456B 
2N2904¢6 
2N2904¢ 
None 
2N2218A¢ 
ON2221A¢ 
None 
None 
2N2369A @ 
None 
None 
None 
2N2369A @ 
2N2369A 
2N3964 


CODE 


Ne ee ee ne a ee ee Cee Cee 


Baow Cee Ce aes Sane Cree Capoes Cannan Canaan WEOen a eee ees ee Capes Cea Cnn Cupeowr Can Sr 


oe ee ee ee Cee Gee Caen Cees Caves Cane w 


— —t —6& FAO RO ND —|— PO PO —- —|— MO —_— —-— — 


REPLACEMENT DEVICES 


DEVICE 


2N2639 


2N2640 


2N2641 


2N2642 
2N2642 
2N2643 


2N2644 


2N2652 
2N2652A 
2N2721 


2N2722 
2N2723 
2N2785 


2N2800 
2N2843 
2N2844 


2N2897 
2N2903 
2N2913 


2N2914 
2N2915 
2N2916 
2N2917 
2N2918 
2N2919 
2N2920 
2N2945 
2N2945A 
2N2946 


2N2946A 


2N3011 
2N3012 
2N3013 
2N3014 
2N3043 
2N3044 
2N3045 
2N3048 


2N3073 


2N3114 


2N3135 
2N3227 


2N3245 


2N3249 
2N3250A 
2N3252 
2N3253 


2N3300 


2N3302 
2N3307 
2N3308 
2N3330 
2N3331 


REPLACEMENT 


PART 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 
MPSA13 
MPSA13 


2N2905A¢ 
None 
None 


2N3700¢ 
None 
None 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 


2N2369A @ 
2N869A 
2N2369A 
2N2369A 
None 
None 
None 
None 


2N2906A 


2N3500 @ 


2N2906A¢ 
2N2369A 


2N3468 @ 


2N869A @ 
2N3251A 
MM3725 
MM3725 
2N2219A¢@ 
2N2222A 0 
2N4959 
2N4959 
None 
None 


CODE. 


DO PO PM PO PO NM P PO Pl PP rpeonmo at — ss — —+— — Pw 


~ wMNNMNMNMH >A A= | 


—~ st AD NOOO ats set 


Pop ps Mm PY PM PNP PNP Pl 


DEVICE 


~ 2N3425 


2N3437 
2N3438 
2N3439_ 


2N3440 
-2N3444 
1. 2N3459 
~ 2N3460 


2N3485 
2N3485A 


2N3486 
ON3486A 
2N3494 


2N3495 
2N3496 
2N3498 
2N3506 
2N3507 
2N3648 


2N3724 
2N3725 
2N3726 
2N3727 
2N3734 
2N3735 
2N3737 
2N3743 
2N3764 
2N3765 


2N3796 
2N3797 
2N3798 
2N3806 
2N3806A 
2N3807 
2N3807A 
2N3808 
2N3808 
2N3808A 
2N3809 


2N3809A 
2N3810 
2N3810A 
2N3811 
2N3811A 
2N3821 
2N3822 
2N3823 
2N3838 
2N3909 
2N3909A 
2N3962 
2N3965 
2N3971 
2N3972 


REPLACEMENT — 
PART 


None 
None. . 


None 
None 
None 
MM3725 
None 
None 
2N2906A 
2N2906A 


2N2907A 
2N2907A 


2N3637 @ 


2N3637 @ 
2N3637 
2N3501 
None 
None 
2N4014 


MM3725 
MM3725 
None 
None 
MM3725 
MM3725 
MM3725 
2N4931 
2N3762 
2N3762 


None 
None 
2N3799 
None 
None 
None 
None 
None 
None 
None 
None 


None 
None 
None 
None 
None 
MPF3821 
MPF3822 
None 
None 
None 
None 
2N3799 
2N3799 
None 
None 


CODE 


POMPOM NMNMNNMNNPNDP =~ - — mM NM wWH-NMYMNDND WO — no—_-_ oe oer SS 


Ph Pp — — PP PO PD PP PN P PNP 





@ This a direct replacement part. 
Note: All replacement parts are similar replacement parts unless otherwise indicated. 
Codes: 1: Low Volume 3: Unpredictable Process 
2: Obsolete Technology 4: See TVS/Zener Data Book for Device Information 


5: See RF Device Data Book for Device Information 
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REPLACEMENT DEVICES 


REPLACEMENT REPLACEMENT REPLACEMENT 
DEVICE PART CODE DEVICE PART CODE DEVICE PART CODE 


2N3993 None 
2N3994 None 
2N4013 2N4014 
2N4015 None 
2N4016 None 
2N4026 2N4033 
2N4027 2N4033 
2N4028 2N4033 
2N4029 2N4033 


2N6987 None 
2N6988 None 
2N6989 None 
2N699 2N3020 
2N6990 None 


2N7008 2N7000 
2N706 2N2369A 
2N706B 2N2369A 
2N708 2N2369A 


2N4861 None 
2N4861A None 
2N4890 2N4033 
2N4926 MM3002 
2N4927 MM3002 
2N4928 2N3637 
2N4929 2N3637 
2N4930 2N4931 
2N4937 None 


> —— — —-'§ AD ND — NO PO 
no—_> —_— —- — — -—+* AO PO 
—~ Ss SOOM OS OD PS 


2N4030 2N4032 
2N4031 2N4033 
2N4091 MPF4091 
2N4092 None 
2N4093 None 
2N4209 MM4209 
2N4220 None 
2N4220A None 
2N4221 None 
2N4221A None 


2N4938 None 
2N4939 None 
2N4941 None 
2N5022 2N3468 
2N5023 2N3467 
2N5059 2N5058 
2N5208 MPSH81 


2N5222 MPSH10¢ 
2N5226 2N4403 @ 


2N718 2N3700 
2N835 2N2369A 
2N910 2N3700 
2N914 2N2369A 
2N915 2N3947 
2N916 2N3947 
2N918 None 
3N155 None 
3N157 None 


—_~ st at —t —t —- AD PO PO 


oOrmenMmnMmwonrnnrmn —- — 
NO WM NW — —e st oe te 


3N169 None 
3N170 None 
3N171 None 
BC160 BC160-16 
BC 160-10 BC160-16 
BC161 2N4033 
BC161-10 2N4033 
BC161-6 2N4033 
BC171A BC182A 
BC171B BC182B 


2N5227 2N3906 @ 
2N5230 None 
2N5245 None 
2N5246 None 
2N5247 None 
2N5320 None 
2N5321 None 
2N5322 None 
2N5323 None 
2N5415 None 


2N4222 None 
2N4222A None 
2N4234 None 
2N4235 None 
2N4236 None 
2N4237 None 
2N4238 None 
2N4239 None 
2N4260 None 
2N4261 None 


ee en ee Oe ae ae) 


wowwwo —_ + + mY — 


2 
2 
3 
3 
3 
3 
3 
3 
3 
3 


BC172A BC182A 
BC172B BC182B 
BC172C BC184C 
BC174A BCS46A 
BC174B BC546B 
BC177C BC177B 
BC178A BC177B 
BC178B BC177B 
BC178C BC177B 
BC179 BC177 


2N5416 None 
2N5581 2N2222A 
2N5582 2N2222A 
2N5679 None 
2N5680 None 
2N5681 None 
2N5682 None 
2N5771 MPS5771 
2N5793 None 
2N5794 None 


2N4338 None 
2N4339 None 
2N4340 None 
2N4341 None 
2N4351 None 
2N4352 None 
2N4391 MPF4391 
2N4392 MPF4392 
2N4393 MPF4393 
2N4406 2N4407 


POMP WWW Ww WP Ww Ww 
kkk 


WOM Mm Mw NM NM W WH W OH 


BC179A BC177B 
BC179B BC177B 
BC179C BC177B 
BC183A BC183 
BC183B BC183 
BC183C BC183 
BC184B BC184 
BC184C BC184 
BC212A BC212 


2N5795 None 
2N5796 None 
2N5859 MM3725 
2N5861 MM3725 
2N6428 MPS6428 
2N6428A MPS6428 
2N6430 2N6431 
2N657 2N3500 
2N6782 None 


2N4409 2N4410 
2N4416 None 
2N4416A None 


2N4453 2N869A 
2N4854 None 
2N4855 None 
2N4856 MPF4856 
2N4856A MPF4856 
2N4857 None 


mPOnramennnr =| NPM — 
as ohh OU = —* SON ON 
a ee re ee ee ee ee ee 


BC213A BC213 
BC213B BC213 
BC213C BC213_ 
BC214B BC214 
BC214C — BC214 
BC238A BC237A 
BC239B BC237B 


2N6784 None 
2N6788 None 
2N6790 None 
2N6796 None 
2N6798 None 
2N6800 None 
2N6802 None 


2N4857A None 
2N4858 None 
2N4858A None 
2N4859 MPF4859 
2N4859A MPF4859 
2N4860 None 
2N4860A None 


NO PO PM NM NY PN Po 
mk ee ae ek Fe ae 
ct a de i, 





@ This a direct replacement part. 

Note: All replacement parts are similar replacement parts unless otherwise indicated. 

Codes: 1: Low Volume 3: Unpredictable Process 5: See RF Device Data Book for Device Information 
2: Obsolete Technology 4: See TVS/Zener Data Book for Device Information 
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DEVICE 


BC308 

BC308A 
BC308B 
BC309A 
BC309C 
BC317 

BC317A 
BC317B 
BC320 

BC320A 


BC320B 
BC327-40 
BC328-40 
BC372-16 
BC372-25 
BC372~40 
BC373-16 
BC373-25 
BC375D 
BC413 


BC413B 
BC413C 
BC414 

BC414B 
BC414C 
BC415 

BC415B 
BC415C 
BC416 

BC416B 


BC416C 
BC445 
BC445A 
BC446 
BC446A 
BC446B 
BC447 
BC447A 
BC447B 
BC448 


BC448A 
BC448B 
BC449 

BC449A 
BC449B 
BC450B 
BC485 

BC485A 
BC485B 


BC485L 
BC486 

BC486A 
BC486B 


REPLACEMENT 


PART 


BC309 
BC309 
BC309B 
BC558A 
BC558B 
MPS3904 
MPS3904 
MPS3904 
2N5086 
2N5086 


2N5087 
BC327-25 
BC328-25 
BC372 
BC372 
BC372 
BC373 
BC373 
BF374 
BC237B 


BC237B 
BC237C — 
BC237B 
BC237B 
BC237C 
BC307B. 
BC307B 
BC307C 
BC307B 
BC307B 


BC307C 
BC489 
BC489A 
BC450 
BC450A 
BC450 
BC489 
BC489A 
BC489B 
BC450 


BC450A 
BC450 
BC489 
BC489A 
BC489B 
BC450. 
BC489 
BC489A 
BC489B 


BC489 
BC490 . 
BC490A 
BC490B 


CODE 


4 . oo * A a a ‘ ‘ . 


eee Se a Cee eer Cpene GiEnne 


pee ee ee ee Cree Ce Cpe Garees” Cala Cee © 


on ew rr a a) a co Gaanes 6 


REPLACEMENT DEVICES 


DEVICE 


BC487B 
BC487L 
BC488 

BC488A 
BC488B 
BC488L 
BC489L 
BC490L 
BC517S 
BC549 


BC549A 
BC550 
BC550A 


- BCS58 


BC558A 
BC558C 
BC617 
BC650 
BC650C 
BC650CS 


BC650S 
BC651 
BC651C 


~ BC651CS 


BC651S 
BC808-16L 
BC808-25L 


| BC808~40L 


BC818-16L 
BC818-25L 


» BC818-40L 


BC849BL 
BC849CL 
BC850BL 
BC850CL 
BC859AL 
BC859BL 
BC859CL 
BC860AL 
BC860BL 


BC860CL 

BCW66HL 
BCW67AL 
BCW67BL 
BCW67CL 
BCW67L 

BCW68FL 


~ BCW68L 


BCX58-10 


BCX58-7 
BCX58-8 
BCX58-9 
BCX59~10 


REPLACEMENT 
PART 


BC489B 
BC489 
BC490 
BC490A 
BC490B 
BC490 
BC489 
BC490 
BC517 
BC548 


BC548A 
BC546 

BC546A 
BC558B 
BC558B 
BC558B 
BC618 

BC548C 
BC548C 
BC548C 


BC548C 
BC547C. 
BC547C 
BC547C 
BC547C 
BC807-16LT1 
BC807-25LT 1 
BC807-40LT1 
BC817-16LT1 
BC817-25LT1 


BC817-40LT1 
BC848BLT1 
BC848CLT1 
BC847BLT1 
BC847CLT1 
BC858ALT1 
BC858BLT 1 
BC858CLT1 
BC857ALT1 
BC857BLT1 


BC858CLT1 


MMBT2222ALT1 


BC807-16LT1 
BC807-25LT1 
BC807—-40LT1 
BCX17LT1 
BC807~16LT1 
BCX17LT1 
BC547C 


BC547A 
BC547B 
BC547B 
BC547C 


CODE 





a es Ce eee Cee Cre Caneee Caneen o ee ee ee ee ee ew Gee ee Cane See es Sn Se Ss Coon Caan Cuvee Caan Cnn Way a Ce Ce Cres Ce Ces ees Ca CEs We 


poe eee Cee Cae eee Wee ee Cee Ga 


BCX71GL 
BCX71KL 


~ BCX78-10L 


BCX78-7L 
_ BCX78-8L 
BCX78-9L 


BCX79-10L 


BCX79-7L 
BCX79-8L 
BCX79-9L 


BCY58-VII 
BCY78-VII 
BCY78-X 
BCY79-X 

_ BDBO1A 
BDB01B 
BDBO2A 
BDB02B 
BDCO1A 
BDC01B 


BDC01C 
BDC02A 
BDC02B 
BDC02C 
BDC07 
BDC08 
BF241 
BF254 
BF 254-3 
BF254—4 


BF257 
BF366 
BF371 
BF373 
BF375 
BF375C 
BF845 
BFR92L 
BFR93L 
BFS17 


BFX38 
BFX40 
BFX48 
BFX85 
BFY50 
BFY52 


BSRS6L 
BSR57L 
BSR58L 


BSS50 
BSS51 
BSS52 


BC857ALT1 
BC857BLT1 
BC5S/C - 
BC5S7A | 
BC557B 
BC557C 
BC557C 
BC557A 
BC557B 
BC557C 


2N2484 
BCY78~VIII 
None 
BCY79-IX 
BDB01D 
BDB01D 
BDB02D 
BDB02D 
BDC01D 
BDC01D 


BDCO1D 
BDC02D 
BDC02D 
BDC02D 
BDCO05. 
BDC06 
BF240 
BF240 
BF240 
BF240 


2N5058 
MPS6568A 
MPSH24 
MPSH34 
BF374 
BF374 
2N6517 

RF Transistor 
RF Transistor 
RF Transistor 


2N4033 
2N4033 
2N869A 
2N3019 
2N3019 
2N3019 


MMBF4856LT1 


None 
None 


None 
None 
None 


ow ee ee —h kt 


. ‘REPLACEMENT 
DEVICE PART CODE 


a a a Ca Cee Cues Cannas & a kk 


a a ee See Cee Cree Caaeew Cares Gane GaEaee 


nonao—-_—-—_~—_—-—-— — — 


BSS79BL MMBT2222ALT1 
BSS79CL MMBT2222ALT1 
BSS80BL MMBT2907ALT1 


BC486L BC490 
BC487 BC489 
BC487A BC489A 


BCX59~7 BC547A 
BCX59-8 BC547B 
BCX59~-9 BC547C 


Po ee Ca ee Ce Gre Se 
ee ee ee a ns 





@ This a direct replacement part. 
Note: All replacement parts are similar replacement parts unless otherwise indicated. 
Codes: 1: Low. Volume 3: Unpredictable Process 
2: Obsolete Technology 4: See TVS/Zener Data Book for Device Information 


5: See RF Device Data Book for Device Information 


TL Te SSeS TEEPE oS SSeS tee PSS isnt rene SSS sees snvPsnnpnensiehinne 


‘MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


10-4 


DEVICE 


BSS80CL 
BSS82BL 
BSS82CL 
BSV15-16 
BSV16-16 
BSV17-10 
BSV17-16 
BSW67A 
BSW68A 
BSX29 


BSX32 
BSX45-10 
BSX45-16 
BSX45-6 
BSX46-10 
BSX46-16 
BSX47-10 
BSX47-16 
BSX47-6 
BSX59 
BSX60 


BZX84C10L 
BZX84C11L 
BZX84C12L 
BZX84013L 
BZX84C15L 
BZX84C16L 
BZX84C18L 
BZX84C20L 
BZX84C22L 
BZX84C24L 


BZX84C27L 
BZX84C30L 
BZX84C33L 
BZX84C4V7L 
BZX84C5V1iL 
BZX84C5V6L 
BZX84C6V2L 
BZX84C6V8L 
BZX84C7V5L 
BZX84C8V2L 
BZX84C9V1L 
CV10253 
CV10440 
CV10814 


IRFD110 
IRFD113 
IRFD120 
IRFD123 
IRFD120 
IRFD1Z3 
IRFD210 
IRFD213 
IRFD220 
IRFD223 
IRFD9110 
IRFD9112 


REPLACEMENT 
PART 


MMBT2907ALT1 
MMBT2907ALT1 
MMBT2907ALT1 
2N4033 

2N4033 

2N4033 

2N4033 
MM3007 
MM3007 
2N869A 


MM3725 
2N3019 
2N3019 
2N3019 
2N3019 
2N3019 
2N3019 
2N3019 
2N3019 
MM3725 
MM3725 


Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 


Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
2N3019 

2N2484 

2N2484 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


CODE 


>, HP HP HP Hp Hp Hp Hp HL ee eee = eS ee ee a ee ae Se ee ek ek ek ek. 


= 32 Pp PRR RR RR PPP A 


MT PP MOK PM PT PO PD PNP PO PM 


REPLACEMENT DEVICES > 


DEVICE 


IRFD9120 
IRFD9123 
IRFE110 
IRFE113 
IRFE9120 
IRFE9123 
IRFF110 
IRFF113 
IRFF120 
IRFF123 


IRFF210 
IRFF213 
IRFF220 
IRFF223 
IRFF230 
IRFF233 
IRFF330 
IRFF333 
IRFF430 
IRFF433 


JF1033B 


JF1033S 
JF1033Y 
MBAV70L 
MBAV74L 


MBAW56L 
MBD201 
MBD501 
MD1121 
MD1122 


MD1132 
MD2218 
MD2218A 
MD2218AF 
MD2219A 
MD2219AF 
MD2369 
MD2369A 
MD2369AF 
MD2369B 
MD2369BF 
MD2904 
MD2904A 
MD2904AF 


MD2905 
MD2905A 
MD2905AF 
MD3250 
MD3250A 
MD3250AF 
MD3251 
MD3251A 
MD3251AF 
MD3409 

. MD3410 


REPLACEMENT 


PART 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


2N5485 @ 


2N5486 
2N5484 @ 
BAV70LT1 
BAV74LT1¢ 


BAW56LT1 
MBD301 
MBD701 
None 

None 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


CODE 


Mr PP PMP PY PMP PH P PP 


— —§sO KYM MH NM PM PM PNM PMP Pp 


1 
1 
2 
2 
2 
1 
1 
e 
2 


PMO MNM MMH MYM MND KH PM NM PY 


Po PO PP MP MP PNP NY PH P PP 


DEVICE 


MD3467 
MD3725 
MD3762 
MD3762F 
MD4260 
MD4261 
MD5000 
MDSO00A 
MD5000B 
MD6001 


MD6001F 
MD6002 
MD6002F 
MD6003 
MD7000 
MD7001 
MD7001F 
MD7002 
MD7002A 
MD7002B 
MD7003 
MD7003A 


MD7003B 
MD7007 
MD7007A 
MD7007B 
MD7007BF 
MD7021 
MD7021F 
MD708 
MD708A 
MD708B 


MD8001 
MD8002 
MD8003 
MD918A 
MD918AF 
MD918B 
MD982 
MD982F 
MD984 
MD985 
MFE120 
MFE121 
MFE122 


MFE130 
MFE131 
MFE132 
MFE2004 
MFE2005 
MFE2006 
MFE201 
MFE2010 
MFE2011 
MFE2012 
MFE202 


REPLACEMENT 
PART 


mPMOMNMMMN NM MH M PM PM PY PY MM Mw MP MY Pw MY Mw MY PP rm Mw PO Pw MH MPH PY PKL PD NP P PO PP Mw MH MH MHP P PP PP 


MO MH PY PHY YH PY PP Pf 





@ This a direct replacement part. 
Note: All replacement parts are similar replacement parts unless otherwise indicated. 
Codes: 1: Low Volume 3: Unpredictable Process 
2: Obsolete Technology 4: See TVS/Zener Data Book for Device Information 


5: See RF Device Data Book for Device Information 
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REPLACEMENT DEVICES 


REPLACEMENT 


REPLACEMENT REPLACEMENT 


_ DEVICE PART CODE | DEVICE PART CODE 


MFE203 
MFE204 
MFE209 
MFE211 
MFE212 
MFE823 
MFE825 
MFE9200 
MFE930 
MFE960 


MFE990 

MFQ1000C 
MFQ1000C 
MFQ1000P 
MFQ1000P 
MFQ5460P 
MFQ6660C 
MFQ6660C 
MFQ6660P 
MFQ6660P 


MHQ2222 
MHQ2369 
MHQ2484 


MHQ2484H 
MHQ2484HX 
MHQ2484HXV 


MHQ2906 
MHQ3467 


MHQ3546 
MHQ3724 
MHQ3724H 


MHQ3724HX 
MHQ3724HXV 


MHQ3725 


MHQ3725H 
MHQ3725HX 
MHQ3725HXV 


MHQ6002 


MHQ918 
MM1748A 
MM2945A 
MM3006 
MM3009 
MM3903 
MM3904 
MM3905 
MM3906 
MM4036 
MM4037 
MM4258 


MM5005 


MM5006 
MM5262 
MM5415 
MM5416 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 
None 
None 
None 
None 
None 
None 
None 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 
2N2369A 
None 
MM3007 
2N5058 
2N3947 
2N3947 
2N3251A 
2N3251A 
2N4033 
2N4033 
2N4208 


MM5007 ¢ 
MM5007 
MM3725 
None 
None 


POM PM PM PO NP PM PNP Pl PP 


sa Ca Sa CCC 


“pm rm pw YY —P MK NM PP 


— — = AO AP PA — — MN — PO 


PO PP P DM P PNP PP 


MMBA811C5L 
MMBA811C6L 
MMBA811C7L 
MMBA811C8L 
MMBA812M5L 


-MMBA812M6L 


MMBA812M7L 

MMBC1009F1L 
MMBC1009F3L 
MMBC1622D6L 


MMBC 1622D7L 
MMBC 1623L5L 
MMBC 1623L6L 
MMBC1623L7L 
MMBC1653N2L 
MMBC1653N3L 
MMBC 1653N4L 
MMBC1654N5L 
MMBC1654N6L 
MMBC1654N7L 


MMBD201L 
MMBD2835XL 
MMBD2836XL 
MMBD2837XL 
MMBD2838XL 
MMBD501L 
MMBR2060L 


MMBR2857L 


-MMBR4957L 


MMBR5031L 
MMBR5179L 
MMBR536L 
MMBR901L 
MMBR920L 
MMBR930L 
MMBR931L 
MMBT3903L 
MMBT4123L 


~ MMBT4125L 


MMBT5086L 
MMBT8598L 
MMBT930L 
MMBV2106L 
MMBZ5226BL 
MMBZ5227BL 
MMBZ5228BL 
MMBZ5229BL 
MMBZ5230BL 


MMBZ5231BL 


MMB25232BL 
MMBZ5233BL 
MMBZ5234BL 
MMBZ5235BL 
MMBZ5236BL 
MMBZ5237BL 


BC857ALT1: 
BC857BLT 1 
BC857BLT1 
BC857BLT1 
BC857ALT1 
BC857BLT1 
BC857BLT1 
BC848ALT1 
BC848ALT 1 
BC847BLT1 


BC847BLT1 
BC847ALT1 
BC847BLT1 
BC847CLT1 
MMBT5550LT 1 
MMBT5551LT 1 
MMBT5551LT1 
MMBTS551LT 1 
MMBT5551LT1 
MMBT5551LT 1 


MMBD301LT1 
BAWSE6LT1 
BAWSE6LT1 


BAV74LT1 


BAV74LT1 
MMBD701LT1 
RF Transistor 


RF Transistor 
RF Transistor 
RF Transistor 
RF Transistor 
RF Transistor 
RF Transistor 
RF Transistor 
RF Transistor 
RF Transistor 
MMBT3904LT1 
MMBT3904LT 1 


MMBT3906LT1 
MMBT5087LT1 
MMBT8599LT 1 
BC847BLT1 
MMBV2105LT1/7LT1 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 


Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 


mm — P PB Mw NM — 


Pa HP PHP PPPs ss 


ra PH SPH HL 


ee ee ee ee ee ee Gee Geen Canes © 


=~ Onna aan’ oO MN 


MMBZ5238BL 
MMBZ5239BL 
MMBZ5240BL 
MMBZ5241BL 
MMBZ5242BL 
MMBZ5243BL 
MMBZ5244BL 
MMBZ5245BL 
MMBZ5246BL 
MMBZ5247BL 


MMB2Z5248BL 
MMBZ5249BL 
MMBZ5250BL 
MMBZ5251BL 
MMBZ5252BL 
MMBZ5253BL 
MMBZ5254BL 
MMBZ5255BL 
MMBZ5256BL 
MMBZ5257BL 


MMPQ3725A 
MMPQ3762 


MPF3330 
MPF3970 
MPF3972 
MPF4221 


MPF4222A 
MPF4223 

MPF4856A 
MPF4861A 


MPF820 
MPQ2221 
MPQ3546 
MPQ3725A 
MPQ6100 
MPQ6427 


MPQ6600 
MPQ6600A 
MPQ7052 
MPQ7053 
MPQ7092 
MPS3403 
MPS3566 
MPS3567 
MPS3569 
MPS3702 
MPS3703 


MPS3704 
MPS3705 
MPS3903 
MPS6569A 
MPS6570A 


Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 


Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 


MMPQ3725 
MMPQ3467 


2N5460 
MPF4391 
MPF4393 @ 
2N5457¢ 


2N5459 @ 
2N5459 
MPF4856 @ 
MPF4858A 


MPF4392 
MPQ2222A 
None 
MPQ3725 
MPQ6100A 
MPQ6426 


MPQ6600A1 
MPQ6600A1 
MPQ7051 
MPQ7051 
MPS7093 
MPS8099 
2N4401 
2N4400 
2N4400: 
2N4402 
2N4402 


2N4401 
2N4400 
MPS3904 
MPS6568A 
MPS6568A 


PHP PPh PPA HL 


FPA HH KRHA HL HL 


me —t Gs — ee Re OO a ee 


ar a Ce Cee Cee Cees roe See Gres Grn Suen 





@ This a direct replacement part. 
Note: All replacement parts are similar replacement parts unless otherwise indicated. 
Codes: 1: Low Volume 3: Unpredictable Process 
2: Obsolete Technology 4: See TVS/Zener Data Book for Device Information 


5: See RF Device Data Book for Device Information 
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DEVICE 


MPS6716 
MPS6733 
MPS6734 


MPS6735 
MPS8097 
MPS930A 


MPSA45 
MPSD55 


MPSH07 
MPSH30 


MPSW43 


MPSW93 
MQ1120 
MQ1120 
MQ1129 
MQ2218 
MQ2218 
MQ2218A 
MQ2218A 
MQ2219 
MQ2219 


MQ2219A 
MQ2219A 
MQ2369 
MQ2904 
MQ2904 
MQ2905A 
MQ2905A 
MQ3251 
MQ3251 
MQ3467 
MQ3467 


MQ3725 
MQ3725 
MQ3762 
MQ3762 
MQ6001 
MQ6001 
MQ7001 
MQ7001 
MQ7003 
MQ7003 


MQ7007 
MQ7007 
MQ7021 
MQ7021 
MQ982 
MQ982 


MSD6100X 
MSD6102 
MV105G 
MV2102 
MV2102L 
MV2106 


REPLACEMENT 


PART 


MPS6717¢ 
MPSW42 
MPSW42¢ 


MPSW42 
MPS6428 
MPS3904 


MPSA44¢@ 
2N4403 @ 


MPSH07A 
MPSH07A 


MPSW42¢ 


MPSW92 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 
None 
None 
None 
None 
None 


MSD6100 
MSD6100 


MMBV105GLT1 


MV2101/3 
MV2101L/3L 
MV2105/7 


@ This a direct replacement part. 
Note: All replacement parts are similar replacement parts unless otherwise indicated. 
3: Unpredictable Process 
4: See TVS/Zener Data Book for Device Information 


Codes: 


1: Low Volume 
2: Obsolete Technology 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


CODE 


PM PP PY NM PY PP P PY P— PP mMrMrmeMONMNMNMNNMNM = ssa tas ses a sa eet 


NM PO PO PS PO PO NM PS PY NP 


_~ Ss Kt MO UMN DY DY PD PS 


REPLACEMENT DEVICES | 


DEVICE 


MV2110 
P2N2222 


P2N2907 
PBF259R 
U308 

U309 

U310 

1N5447B 
1N5454A 
1N5454B 
1N5461A 
1N5461B 
1N5462A 


1N5462B 
1N5463A 
1N5463B 
1N5464A 
1N5464B 
1N5465A 
1N5465B 
1N5466A 
1N5466B 
1N5467A 


1N5467B 
1N5468A 
1N5468B 
1N5469A 
1N5469B 
1N5470A 
1N5470B 
1N5471A 
1N5471B 
1N5472A 
1N5472B 


1N5473A 
1N5473B 
1N5474A 
1N5474B 
1N5475A 
1N5475B 
1N5476A 
1N5476B 


2N1132 


2N1132A 
2N2060 
2N2218 
2N2221 
2N2223 
2N2223 A 


2N2368 
2N2453 
2N2453A 
2N2480A 


2N2481 


REPLACEMENT 


PART 


MV2109/11 
P2N2222A¢ 


P2N2907A @ 
PBF259RS 
J308 

J309 

J310 
1N5446B/8B 
1N5453A/5A 
1N5453B/5B 
1N5441A 
1N5441B 
1N5441A/3A 


1N5441B/3B 
1N5443A 
1N5443B 
1N5444A 
1N5444B 
1N5445A 
1N5445B 
1N5446A 
1N5446B 
1N5446A/8A 


1N5446B/8B 
1N5448A 
1N5448B 
1N5449A 
1N5449B 
1N5450A 
1N5450B 
1N5451A 
1N5451B 
1N5452A 
1N5452B 


1N5453A 
1N5453B 
1N5453A/5A 
1N5453B/5B 
1N5455A 
1N5455B 
1N5456A 
1N5456B 


2N2904 @ 


2N2904 
None 
2N2218A¢ 
2N2221A¢ 
None 
None 
2N2369A @ 
None 
None 
None 


2N2369A¢ 
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CODE DEVICE 


ee Oe AO Oe OO os 


a ee ee ee Cee Cee Cae Geen w a ee nes re ae Cees Sos Cnn Clann Gnas CaEEe a a a cr a ean Cares eee © 


—-~ pPenmwnrn- NONMw- + NY 


2N2501 
2N2605 
2N2639 
2N2640 
2N2641 
2N2642 
2N2642 
2N2643 
2N2644 
2N2652 
| 2N2652A 
2N2721 
2N2722 


2N2723 
2N2785 


2N2800 
2N2843 
2N2844 


2N2897 
2N2903 
2N2913 
2N2914 
2N2915 


2N2916 
2N2918 
2N2918 
2N2917 
2N2919 
2N2920 
2N2945 
2N2945A 
2N2946 
2N2946A 


2N3011 
2N3012 
2N3013 
2N3014 
2N3043 
2N3044 
2N3045 
2N3048 


2N3073 
2N3114 


2N3135 
2N3227 


2N3245 


2N3249 
2N3250A 
2N3252 
2N3253 


2N3300 


2N3302 
2N3307 


5: See RF Device Data Book for Device Information 


REPLACEMENT 


PART 


2N2369A 
2N3964 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


MPSA13 
MPSA13 


2N2905A¢ 
None 
None 


2N3700 
None 
None 
None 
None 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


2N2369A 
2N869A 
2N2369A 
2N2369A 
None 
None 
None 
None 


2N2906A @ 
2N3500 @ 


2N2906A 
2N2369A 
2N3468 @ 
2N869A @ 
2N3251A 
MM3725 
MM3725 
2N2219A¢ 
2N2222A¢ 
2N4959 


CODE 


renrmeore NM MM MMONMNMNNM = — 


PorPrwpenrm—|- === 4 a 


=~ | SE PHO MMH N HH HSH HS PO PO PM PS PMP PO PNP PO PO PO 


ee er ee Cr Sr Sr cae o 


LL) 
o1 











REPLACEMENT DEVICES 


| REPLACEMENT REPLACEMENT REPLACEMENT 
DEVICE PART CODE | DEVICE PART CODE | DEVICE PART CODE | 


2N3308 2N4959 
2N3330 None 
2N3331 None 
2N3425 None 
2N3437 None 
2N3438 None 
2N3439 None 
2N3440 None 
2N3444 MM3725 
2N3459 None 


on 


2N3965 2N3799 
2N3971 None 
2N3972 None 
2N3993 None 
2N3994 None 
2N4013 2N4014 
2N4015 None 
2N4016 None 
2N4026 2N4033 
2N4027 2N4033 


2N4859A MPF4859 
2N4860 None 
2N4860A None 
2N4861 None 
2N4861A None 
2N4890 2N4033 
2N4926 MM3002 
2N4927 MM3002 
2N4928 2N3637 
2N4929 2N3637 


—-~=-nmMn—-NVM MND — 
a ks sD PD PD DD 1D 


— po wowo—_- — Pp — — PP 


2N3460 None 
2N3485 2N2906A 
2N3485A 2N2906A 
2N3486 2N2907A - 
2N3486A 2N2907A 
2N3494 2N3637@ _ 
2N3495 2N3637 
2N3496 2N3637 
2N3498 2N3501 © 
2N3506 None 


2N4028 2N4033 
2N4029 2N4033 
2N4030 2N4032 
2N4031 2N4033 
2N4091 MPF4091 
2N4092 None 
2N4093 None 
2N4209 MM4209 
2N4220 None 
2N4220A None 


2N4930 2N4931 
2N4937 None 
| 2N4938 None 
- 2N4939 None 
2N4941 None 
2N5022 2N3468 
2N5023 2N3467 
2N5059 2N5058 
2N5208 MPSH81 


2N5222 MPSH10¢ 


=> lh | AD NO MN DP Se 


PP OP MPP —] | = = 


2N4221 None 
2N4221A None 
2N4222 None 
2N4222A None 
2N4234 None 
2N4235 None — 
2N4236 None 
2N4237 None 
2N4238 None 
2N4239 None 


2N3507 None 
2N3648 2N4014 
2N3724 MM3725 
2N3725 MM3725 
2N3726 None 
2N3727 None 
2N3734 MM3725 
2N3735 MM3725 


2N5226 2N4403 @ 


2N5227 2N3906 4 
2N5230 None 
2N5245 None 
2N5246 None 
2N5247 None 
2N5320 None 
2N5321 None 
2N5322 None 


WWW WW WP PM PM PP 
wow woo =~ spo - = 


2N3737 MM3725 _ 
2N3743 2N4931 


— POW MYM WO DM — 


2N5323 None 
2N5415 None 
2N5416 None 
2N5581 2N2222A 
2N5582 2N2222A 
2N5679 None 
2N5680 None 
2N5681 None 
2N5682 None 
2N5771 MPS5771 


2N4260 None 
2N4261 None 
2N4338 None 
2N4339 None 
2N4340 None 
2N4341 None 
2N4351 None 
2N4352 None 
2N4391 MPF4391 
2N4392 MPF4392 — 


2N3764 2N3762. 
2N3765 2N3762 
2N3796 None 
2N3797 None 
2N3798 2N3799 
2N3806 None 
2N3806A None 
2N3807 None 
2N3807A None 
2N3808 None 


PrP PO —wmO MOM — — — DH P 
POM MPO PP WW WW W WwW 
WWW WW MH DY WW WH 


2N5793 None 
2N5794 None 
2N5795 None 
2N5796 None 
2N5859 MM3725 
2N5861 MM3725 
2N6428 MPS6428 
2N6428A MPS6428 
2N6430 2N6431 
2N657 2N3500 


2N4393 MPF4393 
2N4406 2N4407 
2N4409 2N4410 
2N4416 None 
2N4416A None 


2N4453 2N869A 
2N4854 None 
2N4855 None 

~ 2N4856 MPF4856 


2N3808 None 
2N3808A None » 
2N3809 None 
2N3809A None 
2N3810 None 
2N3810A None 
2N3811 None 
2N3811A None 
2N3821 MPF3821 


Pp pe — MOM — WwW PM 


Ph P MP PY P—\ PP P Po 
+ tw © = + PP PP 


2N3822 MPF3822 
2N3823 None 
2N3838 None 
2N3909 None 
2N3909A None 
2N3962 2N3799 


2N4856A MPF4856 
2N4857 None 
2N4857A None 
2N4858 None 
2N4858A None 
2N4859 MPF4859 


2N6782 None 
2N6784 None 
2N6788 None 
2N6790 None 
2N6796 None 


— POP PO PO PO 
Po PO PO PO PS MP 
pow non ee Oe 





¢ This adirect replacement part. 
Note: All replacement parts are similar replacement parts unless otherwise indicated. 


Codes: 1: Low Volume 3: Unpredictable Process 5: See RF Device Data Book for Device information 
2: Obsolete Technology 4: See TVS/Zener Data Book for Device information 
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REPLACEMENT DEVICES 


REPLACEMENT REPLACEMENT REPLACEMENT 
DEVICE PART CODE | DEVICE PART CODE | DEVICE PART CODE 


2N6798 
2N6800 
2N6802 
2N6987 
2N6988 
2N6989 
2N699 

2N6990 


2N7008 
2N706 
2N706B 


2N708 
2N718 
2N835 
2N910 
2N914 
2N915 
2N916 
2N918 
3N155 
3N157 


3N169 
3N170 
3N171 
BC160 
BC160-10 
BC161 
BC161-10 
BC161-6 
BCI71A 
BC171B 


BC172A 
BC172B 
BC172C 
BC174A 
BC174B 
BC177C 
BC178A 
BC178B 
BC178C 
BC179 


BC179A 
BC179B 
BC179C 
BC183A 
BC183B 
BC183C 
BC184B 
BC184C 


BC212A 
BC213A 
BC213B 
BC213C 
BC214B 
BC214C 


None 
None 
None 
None 
None 
None 
2N3020 
None 


2N7000 
2N2369A 
2N2369A 


2N2369A 
2N3700 
2N2369A 
2N3700 
2N2369A 
2N3947 
2N3947 
None 
None 
None 


None 
None 
None 

BC 160-16 
BC 160-16 
2N4033 
2N4033 
2N4033 
BC182A 
BC182B 


BC182A 
BC182B 
BC184C 
BC546A 
BC546B 
BC177B 
BC177B 
BC177B 
BC177B 
BC177 


BC177B 
BC177B 
BC177B 
BC 183 
BC 183 
BC 183 
BC184 
BC 184 


BC212 
BC213 
BC213 
BC213 
BC214 
BC214 


—+— «SW No — PO NVnno-— —- = 


ASRS IN el i ek 


2 
2 
2 
1 
1 
1 
1 
1 
1 
1 


pe ee ne ee ee ne Cee Cee Cn CEs 


pe ee ee ee ee ee Cree Cee © 


ee ee ee ee ee 


BC238A 
BC239B 
BC308 

BC308A 
BC308B 
BC309A 
BC309C 
BC317 

BC317A 
BC317B 
BC320 


BC320A 

BC320B 

BC327—-40 
BC328-40 
BC372-16 
BC372-25 
BC372—40 
BC373-16 
BC373-25 
BC375D 


BC413 
BC413B 
BC413C 
BC414 
BC414B 
BC414C 
BC415 
BC415B 
BC415C 
BC416 


BC416B 
BC416C 
BC445 

BC445A 
BC446 

BC446A 
BC446B 
BC447 

BC447A 
BC447B 


BC448 
BC448A 
BC448B 
BC449 
BC449A 
BC449B 
BC450B 
BC485 


BC485A 
BC485B 
BC485L 
BC486 

BC486A 
BC486B 


BC237A 
BC237B 
BC309 
BC309 
BC309B 
BC558A 
BC558B 
MPS3904 
MPS3904 
MPS3904 
2N5086 


2N5086 
2N5087 
BC327-25 
BC328-25 
BC372 
BC372 
BC372 
BC373 
BC373 
BF374 


BC237B 
BC237B 
BC237C 
BC237B 
BC237B 
BC237C 
BC307B. 
BC307B 
BC307C 
BC307B 


BC307B 
BC307C 
BC489 
BC489A 
BC450 
BC450A 
BC450 
BC489 
BC489A 
BC489B 


BC450 
BC450A 
BC450 
BC489 
BC489A 
BC489B 
BC450 
BC489 


BC489A 
BC489B 
BC489 
BC490 
BC490A 
BC490B 


ae Ce Ca Cee Cae Cea Ss Cs Cee Cas ss es si ss si sss ae ee Ce Cee Cee Ce Cupane Clupes Cans CEs eh ee A ea a ek A ak as 


pee ee es Crees Cas Cee Cee Cee 


a eee ee ee ee Gee 


BC486L 
BC487 

BC487A 
BC487B 
BC487L 
BC488 

BC488A 
BC488B 
BC488L 
BC489L 
BC490L 


BC517S 
BC549 
BC549A 
BC550 
BC550A 
BC558 
BC558A 
BC558C 
BC617 
BC650 


BC650C 
BC650CS 
BC650S 
BC651 
BC651C 
BC651CS 
BC651S 
BC808-16L 
BC808-25L 
BC808—-40L 


BC818-16L 
BC818-25L 
BC818-40L 
BC849BL 
BC849CL 
BC850BL 
BC850CL 
BC859AL 
BC859BL 
BC859CL 


BC860AL 
BC860BL 
BC860CL 
BCW66HL 
BCW67AL 
BCW67BL 
BCW67CL 
BCW6/7L 


BCW68FL 
BCWe68L 
BCX58-10 
BCX58-7 
BCX58-8 
BCX58-9 


BC490 
BC489 
BC489A 
BC489B 
BC489 
BC490 
BC490A 
BC490B 
BC490 
BC489 
BC490 


BC517 
BC548 
BC548A 
BC546 
BC546A 
BC558B 
BC558B 
BC558B 
BC618 
BC548C 


BC548C 
BC548C 
BC548C 
BC547C 
BC547C 
BC547C 
BC547C 
BC807—16LT1 
BC807-25LT 1 
BC807-40LT 1 


BC817-16LT1 
BC817-25LT 1 
BC817-40LT1 
BC848BLT1 
BC848CLT1 
BC847BLT1 
BC847CLT1 
BC858ALT1 
BC858BLT1 
BC858CLT1 


BC857ALT1 
BC857BLT1 
BC858CLT 1 


MMBT2222ALT 1 


BC807—16LT1 
BC807-25LT 1 
BC807—40LT1 
BCX17LT1 


BC807-16LT1 
BCX17LT1 


-BC547C 


BC547A 
BC547B 
BC547B 


a a ee ee ee ee er a pe ee ree Ces Capees Cae Cees rs Cee Cree ae ae Ce oe Ce See Cs Cees Cees Ces a ee rn ee Se a an Cee Cr es Saree 


oa Cee Cee Cee Cae Gnas Geen Ce 


pon ee Gee Cae Se Geo 





@ This a direct replacement part. 
Note: All replacement parts are similar replacement parts unless otherwise indicated. 
Codes: 1: Low Volume 3: Unpredictable Process 
2: Obsolete Technology 4: See TVS/Zener Data Book for Device Information 


5: See RF Device Data Book for Device Information 
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DEVICE 





BCX59-10 
BCX59-7 
BCX59-8 
BCX59-9 

- BCX7IGL 
BCX71uL 
BCX71KL 
BCX78-10L 
BCX78-7L 
BCX78-8L 
BCX78-9L 


BCX79-10L 
BCX79-7L 
BCX79-8L 
BCX79-9L 
BCY58-VII 
BCY78-VII 
BCY78-X 
BCY79-X 
BDBO1A 
BDB01B 


BDBO2A 
- BDBO2B 
BDCO1A 
BDC01B 
BDCO1C 
BDCO2A 
BDC02B 
BDC02C 
BDC07 
BDC08 


BF241 
BF254 

‘BF254-3 
BF254~4 
BF257 
BF366 
BF371 
BF373 
BF375 
BF375C 
BF845 


BFR92L 

-BFROSL 
BFS17 
BFX38 
BFX40 
BFX48 
BFX85 

-BFY50 
BFY52 


BSRS6L 
BSRS7L 
BSR58L 
BSS50 


REPLACEMENT: 


PART 


BC547C 
BC547A 
BC547B: 
BC547C_ 
BC857ALT1 
BC857BLT1 
BC857BLT1 
BC557C 
BC557A 
BC557B 
BC557C 


BC557C 
BC557A 
BC557B 
BC557C 
2N2484 
BCY78-Vill 
None 
BCY79-IX 
BDB0O1D 
BDB01D 


BDB02D 
BDB02D 
BDC01D 
BDC01D 
BDC01D 
BDC02D 
BDC02D 
BDC02D 
BDC05 

BDC06 


BF240 
BF240 
BF240 
BF240 
2N5058 
MPS6568A 
MPSH24 
MPSH34 
BF374 
BF374 
2N6517 


RF Transistor 


RF Transistor 
RF Transistor 
2N4033_—Cr 
2N4033 
2N869A 
2N3019 
2N3019 
2N3019 


MMBF4856LT1 


None 
None 
None 


CODE 


hea tk a ee res Cae Cee Cr Cee Canes Ca Ce 


oer Cer CEOS COO Cn Cees Cae SnEaae Seen Snes Cee 


ras ars ars 


a ee See See Cee Ces Cre Cee Coe Gee CE © 


REPLACEMENT DEVICES 


‘DEVICE 


BSS51 
BSS$52 
BSS79BL 
BSS79CL 
BSS80BL 
BSS80CL 


~ BSS82BL 


BSS82CL 

BSV15-16 
BSV16-16 
BSV17-10 


BSV17-16 
BSW67A 
BSW68A 
BSX29 
BSX32 
BSX45-10 
BSX45-16 
BSX45-6 
BSX46-10 
BSX46-16 


BSX47-10 
BSX47-16 
BSX47-6 
BSX59 
BSX60 
BZX84C10L 
BZX84C11L 
BZX84C12L 
BZX84C13L 
BZX84C15L 


BZX84C16L 
BZX84C18L 
BZX84C20L 
BZX84C22L 
BZX84C24L 
BZX84C27L 
BZX84C30L 
BZX84C33L 
BZX84C4V7L 
BZX84C5V1L 
BZX84C5V6L 


BZX84C6V2L 
BZX84C6V8L 
BZX84C7V5L 
BZX84C8V2L 
BZX84C9V1L 
CV10253 
CV10440 
CV10814 
IRFD110 


IRFD113 
IRFD120 
IRFD123 
~IRFD1Z0 


REPLACEMENT 
PART 


None 

None 
MMBT2222ALT1 
MMBT2222ALT1 
MMBT2907ALT 1 
MMBT2907ALT 1 
MMBT2907ALT1 
MMBT2907ALT1 
2N4033 
2N4033 

2N4033 


2N4033 
MM3007 
MM3007 
2N869A 
MM3725 © 
2N3019 
2N3019 
2N3019 
2N3019 
2N3019 


2N3019 
2N3019 
2N3019 
MM3725 
MM3725 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 


Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 


Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
2N3019 
2N2484 
2N2484 
None 


None 
None 
None 
None 


CODE 


Cet a etlieet ti nn ee oe ee oe) 


Ne ee ee ee SO SOS NO SO LLP RR PRR PEPE RR PR Po ao au U8 


PO PO PM PO 


REPLACEMENT 
DEVICE PART CODE 


IRFD1Z3 
IRFD210 
IRFD213 
IRFD220 
IRFD223 
IRFD9110 
IRFD9112 
IRFD9120 
IRFD9123 
IRFE110 
IRFE113 


IRFE9120 
IRFE9123 
IRFF110 
IRFF113 
IRFF120 
IRFF123 
IRFF210 
IRFF213 
IRFF220 
IRFF223 


IRFF230 
IRFF233 
IRFF330 
IRFF333 
IRFF430 
IRFF433 


JF1033B 
JF1033S 
JF1033Y 


MBAV70L 
MBAV74L 


MBAW56L 
MBD201 
MBD501 
MD1121 
MD1122 
MD1132 
MD2218 
MD2218A 


MD2218AF 
MD2219A 
MD2219AF 
MD2369 
MD2369A 
MD2369AF 
MD2369B 
MD2369BF 
MD2904 


MD2904A 
MD2904AF 
MD2905 
MD2905A 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 
None 
None 
None 
None 
None 


2N5485 @ 
2N5486 @ 
2N5484 @ 


BAV70LT1 
BAV74LT1¢ 


BAW56LT1 @ 
MBD301 
MBD701 
None 

None 

None 

None 

None 


None 
None 
None 
. None 
None 
None 
None 
None 
None 


None 
None 
None 
None 


a> sO PO LD DY PD PS 


POP Mw MMH —~ MH HP PP 


Po M PM PM NM PNM P P Po 


PO Pp PO PO 





@ This a direct replacement part. 
Note: All replacement parts are similar replacement parts unless otherwise indicated. 
Codes: ~ 1: Low Volume 3: Unpredictable Process 


5: See RF Device Data Book for Device Information 
2: Obsolete Technology 4: See TVS/Zener Data Book for Device Information 
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REPLACEMENT DEVICES 


REPLACEMENT REPLACEMENT REPLACEMENT 
DEVICE PART CODE | DEVICE PART CODE | DEVICE PART CODE 


MD2905AF 
MD3250 
MD3250A 
MD3250AF 
MD3251 
MD3251A 
MD3251AF 
MD3409 
MD3410 
MD3467 
MD3725 


MD3762 
MD3762F 
MD4260 
MD4261 
MD5000 
MD5000A 
MD5000B 
MD6001 
MD6001F 
MD6002 


MD6002F 
MD6003 
MD7000 
MD7001 
MD7001F 
MD7002 
MD7002A 
MD7002B 
MD7003 
MD7003A 


MD7003B 
MD7007 
MD7007A 
MD7007B 
MD7007BF 
MD7021 
MD7021F 
MD708 
MD708A 
MD708B 


MD8001 
MD8002 
MD8003 
MD918A 
MD918AF 
MD918B 
MD982 
MD982F 
MD984 


MD985 

MFE120 
MFE121 
MFE122 
MFE130 
MFE131 


Pr PM Pw MH MHP MP PP P P Po 


PO PO PO PO PS PO PMP PO PO P 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


PO PO PO MH MT PMP MY PY P P 


PO PO PO PO PO PO PY PO PO 


PO MP PO PO PO PO 


MFE132 
MFE2004 
MFE2005 
MFE2006 
MFE201 
MFE2010 
MFE2011 
MFE2012 
MFE202 
MFE203 
MFE204 


MFE209 
MFE211 
MFE212 
MFE823 
MFE825 
MFE9200 
MFE930 
MFE960 
MFE990 
MFQ1000C 


MFQ1000C 
MFQ1000P 
MFQ1000P 
MFQ5460P 
MFQ6660C 
MFQ6660C 
MFQ6660P 
MFQ6660P 
MHQ2222 

MHQ2369 


MHQ2484 
MHQ2484H 


MHQ2484HX 
MHQ2484HXV 


MHQ2906 
MHQ3467 
MHQ3546 
MHQ3724 
MHQ3724H 


MHQ3724HX 


MHQ3724HXV 


MHQ3725 
MHQ3725H 


MHQ3725HX 
MHQ3725HXV 


MHQ6002 
MHQ918 

MM1748A 
MM2945A 


MM3006 
MM3009 
MM3903 
MM3904 
MM3905 
MM3906 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 
None 
None 
None 
None 
None 
None 
2N2369A 
None 


MM3007 
2N5058 
2N3947 
2N3947 
2N3251A 
2N3251A 


DRO PM PO PS PO PO PO PD PO PO NoOrmeAa a se et esr ee — PM PP MH PM PM P PP Re PO PM PO PM PS MH ND NK MP PNP 


RO — PM PM PS PO PO PO PS 


PO mw meno — 


MM4036 
MM4037 
MM4258 


MM5005 


MMS006 
MM5262 
MM5415 
MM5416 
MMBA811C5L 
MMBA811C6L 


MMBA811C7L 
MMBA811C8L 
MMBA812M5L 
MMBA812M6L 
MMBA812M7L 
MMBC 1009F1L 
MMBC1009F3L 
MMBC 1622D6L 
MMBC1622D7L 
MMBC 1623L5L 


MMBC1623L6L 
MMBC1623L7L 
MMBC 1653N2L 
MMBC1653N3L 
MMBC1653N4L 
MMBC1654N5L 
MMBC1654N6L 
MMBC1654N7L 
MMBD201L 
MMBD2835XL 


MMBD2836XL 
MMBD2837XL 


MMBD2838XL 
MMBD501L 
MMBR2060L 
MMBR2857L 
MMBR4957L 
MMBR5031L 
MMBR5179L 
MMBR536L 


MMBR901L 
MMBR920L 
MMBR930L 
MMBR931L 
MMBT3903L 
MMBT4123L 
MMBT4125L 
MMBT5086L 
MMBT8598L 


MMBT930L 
MMBV2106L 
MMBZ5226BL 
MMBZ5227BL 
MMBZ5228BL 


2N4033 
2N4033 
2N4208 


MM5007 


MM5007 
MM3725 
None 

None 
BC857ALT1 
BC857BLT1 


BC857BLT1 
BC857BLT1 
BC857ALT1 
BC857BLT1 
BC857BLT1 
BC848ALT1 
BC848ALT 1 
BC847BLT1 
BC847BLT1 
BC847ALT1 


BC847BLT1 
BC847CLT1 
MMBT5550LT1 
MMBT5551LT1 
MMBT5551LT1 
MMBT5551LT1 
MMBT5551LT1 
MMBT5551LT1 
MMBD301LT1 
BAW5S6LT1 


BAW56LT1 
BAV74LT1 


BAV74LT1 

MMBD701LT1 
RF Transistor 
RF Transistor 
RF Transistor 
RF Transistor 
RF Transistor 
RF Transistor 


RF Transistor 
RF Transistor 
RF Transistor 
RF Transistor 
MMBT3904LT 1 
MMBT3904LT 1 
MMBT3906LT 1 
MMBT5087LT1 
MMBT8599LT 1 


BC847BLT1 
MMBV2105LT1/7LT1 
Zener Diode 
Zener Diode 
Zener Diode 


nanan oa — pn Pp po nN —_ — | oes ess ss ee ee ee ee a a an a ce —--s- GO —- — — — — — 


a> Ss et OO Os Cn 


> fH 





@ This a direct replacement part. 
Note: All replacement parts are similar replacement parts unless otherwise indicated. 
Codes: 1: Low Volume 3: Unpredictable Process 
2: Obsolete Technology 4: See TVS/Zener Data Book for Device Information 


5: See RF Device Data Book for Device Information 
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REPLACEMENT DEVICES 


REPLACEMENT REPLACEMENT 


| REPLACEMENT 
DEVICE PART CODE | DEVICE PART CODE | DEVICE 3 


PART CODE 


MMBZ5229BL 
MMBZ5230BL 
MMBZ5231BL 
MMBZ5232BL 


MMBZ5233BL. 


MMBZ5234BL 
MMBZ5235BL 
MMBZ5236BL 
MMBZ5237BL 
MMBZ5238BL 
MMBZ5239BL 


MMBZ5240BL 
MMBZ5241 BL 
MMBZ5242BL 
MMBZ5243BL 
MMBZ5244BL 
MMBZ5245BL 
MMBZ5246BL 
MMBZ5247BL 
MMBZ5248BL 
MMBZ5249BL 


MMBZ5250BL 
MMBZ5251BL 
MMBZ5252BL 
MMBZ5253BL 
MMBZ5254BL 
MMBZ5255BL 
MMBZ5256BL 
MMBZ5257BL 
MMPQ3725A 
MMPQ3762 


MPF3330 
MPF3970 
MPF3972 
MPF4221 
MPF4222A 
MPF4223 
MPF4856A 
MPF4861A 


MPF820 
MPQ2221 


Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 


Zener Diode 


Zener Diode 


Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 


Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
Zener Diode 
MMPQ3725 
MMPQ3467 


2N5460 
MPF4391 @ 
MPF4393 @ 
2N5457 @ 
2N5459 @ 
2N5459 ¢ 
MPF4856 @ 
MPF4858A 4 


MPF4392 
MPQ2222A 


RRR RR RR RE LE 


—~o PP FP HHP PH Hf 


sea si ea ae i i 


FHP PAP HAP HP HPHh HD HP 


* MPQ3546 
MPQ3725A 
MPQ6100 
MPQ6427 
MPQ6600 
MPQ6600A 
MPQ7052 
MPQ7053 


MPQ7092 
MPS3403 
MPS3566 
MPS3567 
MPS3569 
MPS3702 
MPS3703 
MPS3704 
MPS3705 
MPS3903 


MPS6569A 
MPS6570A 


MPS6716 
MPS6733 
MPS6734 


MPS6735 
MPS8097 
MPS930A 


MPSA45 


MPSD55 


MPSH07 
MPSH30 


MPSW43 


MPSW93 
MQ1120 
MQ1120 
MQ1129 
MQ2218 
MQ2218 
MQ2218A 
MQ2218A 
MQ2219 


None 
MPQ3725 
MPQ6100A 
MPQ6426 
MPQ6600A1 
MPQ6600A1 
MPQ7051 
MPQ7051 


MPS7093 
MPS8099 
2N4401 
2N4400 
2N4400 
2N4402 
2N4402 
2N4401 
2N4400 
MPS3904 


MPS6568A 
MPS6568A 


MPS6717¢ 
MPSW42¢ 
MPSW42¢ 
MPSW42¢ 
MPS6428 
MPS3904 
MPSA44 


2N4403 @ 


MPSH07A¢@ 
MPSH07A 


MPSW42¢ 


MPSW92¢ 
None 
None 
None 
None 
None 
None 
None 
None 


ee ee ee ee ee ee ee ee 9 


Cee en i ee oe 


a a a a a a Sr Cr Ce © 


PONMMPYPPMPMONMNMNNMN+|+ —-~ s+ + 


MQ2219 
MQ2219A 
MQ2219A 


~ MQ2369 


MQ2904 
MQ2904 
MQ2905A 


MQ2905A 
MQ3251 
MQ3251 
MQ3467 
MQ3467 


~ MQ3725 


MQ3725 
MQ3762 
MQ3762 
MQ6001 
MQ6001 


MQ7001 
MQ7001 
MQ7003 
MQ7003 
MQ7007 
MQ7007 
MQ7021 
MQ7021 
MQ982 

MQ982 


MSD6100X 
MSD6102 
MV105G 
MV2102 
MV2102L 
MV2106 
MV2110 


P2N2222 


P2N2907 
PBF259R 
U308 
U309 
U310 


None 
None 
None 
None 
None 
None 
None 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


None 
None 
None 
None 
None 
None 
None 
None 
None 
None 


MSD6100 
MSD6100 


MMBV105GLT1 


MV2101/3 
MV2101L/3L 
MV2105/7 
MV2109/11 


P2N2222A 4 


P2N2907A¢ 
PBF259RS 
J308 

J309 

J310 


NM PP PP PY PP 1/1 PO mm YY 1 PS 


PO PM PM PP PP P PP PP PP 


PNP NM NBO —- S| —-| Seo oO ClCH Ch CUNO 





@ This a direct replacement part. 
Note: All replacement parts are similar replacement parts unless otherwise indicated. 
Codes: 1: Low Volume 3: Unpredictable Process 


5: See RF Device Data Book for Device Information 
2: Obsolete Technology 4: See TVS/Zener Data Book for Device Information 
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Selector Guide 


Plastic-Encapsulated 
Transistors 


Metal-Can 
Transistors 


Field-Effect 
Transistors 


Small-Signal Tuning 
and Switching Diodes 


SMALLBLOCK 
Products 


Tape and Reel Specifications 
and Packaging Specifications 


Package Outline Dimensions, 
Footprints, and 
Applications Literature 


Reliability and 
Quality Assurance 


Replacement 


Devices 12549E-8 PRINTED IN USA 9/91 GTE DIRECTORIES #14102 50,000 SS Miscellaneous 
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